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N O T I C E  

All questions or other communications relating to this document should be sent only to NFPA Head- 
quarters, addressed to the attention of the Committee responsible for the document. 

For information on the procedures for requesting Technical Committees to issue Formal Interpreta- 
tions, proposing Tentative Interim Amendments, proposing amendments for Committee consideration, and 
appeals on matters relating to the content of the document, write to the Secretary, Standards Council, Na- 
tional Fire Protection Association, Batterymarch Park, Quincy, MA 02269. 

A statement, written or oral, that is not processed in accordance with Section 16 of the Regulations 
Governing Committee Projects shall not be considered the official position of NFPA or any of its Commit- 
tees and shall not be considered to be, nor be relied upon as, a Formal Interpretation. 

Users of this document should consult applicable Federal, State and local laws and regulations. NFPA 
does not, by the publication of this document, intend to urge action which is not in compliance with ap- 
plicable laws and this document may not be construed as doing so. 

Policy Adopted by N F P A  B o a r d  o f  D i r e c t o r s  o n  D e c e m b e r  3, 1982 

The Board of Directors reaffirms that the National Fire Protection Association recognizes that the tox- 
icity of the products of combustion is an important factor in the loss of life from fire. NFPA has dealt with 
that subject in its technical committee documents for many years. 

There is a concern that the growing use of synthetic materials may produce more or additional toxic 
products of combustion in a fire environment. The Board has, therefore, asked all NFPA technical commit- 
tees to review the documents for which they are responsible to be sure that the documents respond to this 
current concern. To assist the committees in meeting this request, the Board has appointed an advisory 
committee to provide specific guidance to the technical committees on questions relating to assessing the 
hazards of the products of combustion. 

L i c e n s i n g  P r o v i s i o n  - -  This document is copyrighted by the National Fire Protection Association 
(NFPA). 

1. Adoption by Reference - -  Public authorities and others are urged to reference this document in 
laws, ordinances, regulations, administrative orders or similar instruments. Any deletions, additions and 
changes desired by the adopting authority must be noted separately. Those using this method are requested 
to notify the NFPA (Attention: Secretary. Standards Council) in writing of such use. The term "adoption by 
reference" means the citing of title and publishing information only. 

2. Adoption by Transcr ip t ion  - -  A. Public authorities with lawmaking or rule-making powers only, 
upon written notice to the NFPA (Attention: Secretary, Standards Council), will be granted a royalty-free 
license to print and republish this document in whole or in part, with changes and additions, if any, noted 
separately, in laws, ordinances, regulations, administrative orders or similar instruments having the force of 
law, provided that: (1) due notice of NFPA's copyright is contained in each law and in each copy thereof: 
and, (2) that such printing and republication is limited to numbers sufficient to satisfy the jurisdiction's 
lawmaking or rulemaking process. B. Once this NFPA Code or Standard has been adopted into law, all 
printings of this document by public authorities with lawmaking or rulemaking powers or any other persons 
desiring to reproduce this document or its contents as adopted by the jurisdiction in whole or in part, in any 
form, upon written request to NFPA (Attention: Secretary, Standards Council), will be granted a nonex- 
clusive license to print, republish, and vend this document in whole or in part, with changes and additions, 
if any, noted separately provided that due notice of NFPA's copyright is contained in each copy. Such 
license shall be granted only upon agreement to pay NFPA a royalty. This royalty is required to provide 
funds for the research and development necessary to continue the work of NFPA and its volunteers in con- 
tinually updating and revising NFPA standards. Under certain circumstances, public authorities with 
lawmaking or rulemaking powers may apply for and may receive a special royalty when the public interest 
will be served thereby. 

3. Scope of L i c e n s e  G r a n t  - -  The terms and conditions set forth above do not extend to the index to 
this document. 

(For further explanation, see the Policy Concerning the Adoption. Printing and Publication of NFPA 
Documents which is available upon request from the NFPA.) 

S t a t e m e n t  o n  N F P A  P r o c e d u r e s  

This material  has been developed under the published procedures of the National Fire Protection 
Association, which are designed to assure the appointment of technically competent Committees having 
balanced representation. While these procedures assure the highest degree of care, neither the National Fire 
Protection Association, its members, nor those participating in its activities accepts any liability resulting 
from compliance or noncompliance with the provisions given herein, for any restrictions imposed on 
materials or processes, or for the completeness of the text. 

NFPA has no power or authority to police or enforce compliance with the contents of this document 
and any certification of products stating compliance with requirements of this document is made at the peril 
of the certifier. 
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This edition of NFPA 12, Standard on Carbon Dioxide Extinguishing Systems, was prepared 
by the Technical Committee on Carbon Dioxide, and acted on by the National Fire 
Protection Association, Inc. at its Fall Meeting held November 14-17, 1988 in Nashville, 
Tennessee. It was issued by the Standards Council on January  13, 1989, with an effec- 
tive date of February 6, 1989, and supersedes all previous editions. 

The 1989 edition of this document has been approved by the American National 
Standards Institute. 

Changes other than editorial are indicated by a vertical rule in the margin of the 
pages on which they appear. These lines are included as an aid to the user in identify- 
ing changes from the previous edition. 

Origin and Development of NFPA 12 

Work on this standard was initiated in 1928 by the then Committee on Manufactur- 
ing Risks and Special Hazards. The standard was first adopted in 1929 and was re- 
vised in 1933, 1939, 1940, 1941, 1942 (January and May), 1945, 1946, 1948, 1949, 
1956, 1957, 1961, 1962, 1963, 1964, 1966, 1968, 1972, 1973, 1977, and 1980. Revi- 
sions adopted 1945-1949 were proposed by the Committee on Special Extinguishing 
Systems, and those in 1956 and subsequently were proposed by the Committee on Car- 
bon Dioxide. The standard was revised in 1985 and 1989. 
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NFPA 12 

Standard on 

Carbon Dioxide Extinguishing Systems 

i 989  Edit ion 

NOTICE: An asterisk (*) following the number or letter 
designating a paragraph indicates explanatory material on that 
paragraph in Appendix A. 

Information on referenced publications can be found in Chapter 
6 and Appendix C. 

Chapter 1 General Informat ion  and Requirements  

1-1 Scope. This s tandard contains m i n i m u m  require- 
ments  for carbon dioxide fire extinguishing systems. It in- 
cludes only the necessary essentials to make the standard 
workable in the hands of those skilled in this field. 

NOTE: Portable carbon dioxide equipment is covered in NFPA 
10, Standard for Portable Fire Extinguishers. The use of carbon diox- 
ide for inerting is covered in NFPA 69, Standard on Explosion Preven- 
lion Systems. 

1-2 Purpose .  This s tandard is prepared for the use and 
guidance of those charged with the purchasing, designing, 
installing, testing, inspecting, approving, listing, operating, 
or ma in ta in ing  of carbon dioxide fire extinguishing sys- 
tems, in order that such equipment  will function as in- 
tended throughout  its life. Nothing in this s tandard is 
intended to restrict new technologies or alternate arrange- 
ments  provided the level of safety prescribed by the stan- 
dard is not lowered. 

1-2.1 Only  those skilled in the field are competent to de- 
sign and install this equipment .  It may be necessary for 
many  of those charged with the purchasing,  inspecting, 
testing, approving, operating, and ma in ta in ing  of this 
equipment to consult with a competent fire protection engi- 
neer experienced in carbon dioxide system work in order 
to effectively discharge their respective duties. 

1-3 Ar rangemen t .  This standard is arranged as follows: 

Chapter  1 - -  General  Informat ion and Requirements .  

Chapter  2 - -  Total  Flooding Systems. 

Chapter  3 - -  Local Application Systems. 

Chapter  4 - -  H a n d  Hose Line Systems. 

Chapter  5 - -  Standpipe Systems and Mobile Supply. 

Chapter  6 - -  Referenced Publications. 

Appendix A - -  Explanatory.  

Appendix B - -  Examples of Hazard  Protection. 

Appendix C - -  Referenced Publications. 

Chapters 1 through 6 constitute the body of the stan- 
dard and contain the rules and regulations necessary for 
properly designing, installing, inspecting, testing, approv- 
ing, operating, and main ta in ing  carbon dioxide fire extin- 
guishing systems. 

The  Appendices contain educational and informative 
material  that will aid in unders tand ing  and applying this 
standard. 

1-4 Def ini t ions  and Units .  
1-4.1 Def in i t ions .  For purposes of clarification, the fol- 
lowing general terms used with special technical meanings 
in this s tandard are defined: 

Approved.  Acceptable to the "author i ty  having 
jur i sd ic t ion ."  

NOTE: The National Fire Protection Association does not ap- 
prove, inspect or certify any installations, procedures, equipment, 
or materials nor does it approve or evaluate testing laboratories. 
In determining the acceptability of installations or procedures, 
equipment or materials, the authority having jurisdiction may base 
acceptance on compliance with NFPA or other appropriate stan- 
dards. In the absence of such standards, said authority may re- 
quire evidence of proper installation, procedure or use. The 
authority having jurisdiction may also refer to the listings or labeling 
practices of an organization concerned with product evaluations 
which is in a position to determine compliance with appropriate 
standards for the current production of listed items. 

Authority Having  Jurisdiction. The "authori ty hav- 
ing jur i sd ic t ion"  is the organization,  office or individual  
responsible for "approv ing"  equipment,  an installation or 
a procedure. 

NOTE: The phrase "authority having jurisdiction" is used in 
NFPA documents in a broad manner since jurisdictions and "ap- 
proval" agencies vary as do their responsibilities. Where public 
safety is primary, the "authority having jurisdiction" may be a 
federal, state, local or other regional department or individual such 
as a fire chief, fire marshal, chief of a fire prevention bureau, labor 
department, health department, building official, electrical inspec- 
tor, or others having statutory authority. For insurance purposes, 
an insurance inspection department, rating bureau, or other in- 
surance company representative may be the "authority having 
jurisdiction." In many circumstances the property owner or his 
designated agent assumes the role of the "authority having jurisdic- 
tion"; at government installations, the commanding officer or 
departmental official may be the "authority having jurisdiction." 

H i g h  Pressure .  Indicates that the carbon dioxide is 
stored in pressure containers at atmospheric temperatures. 
At 70 °F (21 °C), the pressure in this type of storage is 850 
psi (58.6 bars). 

Inspect ion.  A visual observation to ensure that: 

(a) all components are in position in good condition and 
connected to the system, 

(b) The system is installed in accordance with the latest 
installation drawings and design specifications, 

(c) The  hazard conforms to the dimensional  envelope 
to which the system was designed, 

(d) A check for proper designation and instructions has 
been made. (See Section 1-11 . )  

Labeled .  Equipment  or materials to which has been 
attached a label, symbol or other identifying mark of an 
organizat ion acceptable to the "author i ty  having jurisdic- 
t i on"  and concerned with product evaluation, that main-  
tains periodic inspection of production of labeled equip- 
ment  or materials and by whose labeling the manufacturer  
indicates compliance with appropriate standards or per- 
formance in a specified manner .  

Listed. Equipment  or materials included in a list 
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publ ished by an organiza t ion  acceptable to the " a u t h o r -  
lty having jur i sd ic t ion"  and concerned with product  evalu- 
ation, that main ta ins  periodic inspection of product ion  of 
listed equipment  or materials and whose listing states either 
that the equipment  or material  meets appropriate  standards 
or has been tested and found suitable for use in a specified 
manner .  

NOTE: The means for identifying listed equipment may vary 
for each organization concerned with product evaluation, some 
of which do not recognize equipment as listed unless it is also la- 
beled. The "authority having jurisdiction" should utilize the system 
employed by the listing organization to identify a listed product. 

L o w  Pres su re .  Indicates  that the carbon dioxide is 
stored in pressure containers  at control led low tempera-  
tures,  at 0 °F ( - 18 °C). At  0 °F ( - 18 °C), the pressure 
in this type of storage is 300 psi (20.7 bars).  

M a i n t e n a n c e .  A " thorough  check" of the system, in- 
tended to give m a x i m u m  assurance that  the system will 
opera te  effectively and safely. It includes a thorough ex- 
aminat ion and any necessary repair  or replacement of com- 
ponents.  (See Section 1-11.) 

Shal l .  Indicates  a manda to ry  requi rement .  

Should .  Indicates  a r ecommenda t ion  or that which is 
advised but  not required.  

1-4.2 Un i t s .  Metr ic  units of measurement  in this stan- 
dard  are in accordance with the modernized  metr ic  system 
known as the In ternat ional  System of Uni ts  (SI). The  unit  
ba r  is outside of but  recognized by SI, and is commonly  
used in in ternat ional  fire protect ion.  The  unit  is listed in 
Table  1-4.2 with conversion factors. 

Table 1-4.2 

Name of Units Unit Symbol Conversion Factor 

pascal Pa 1 psi = 6894.757 Pa 
bar bar 1 psi = 0.0689 bar 
bar bar 1 bar = l0 s Pa 
kilogram kg 1 pound = 2.205 kg 
meters m 1 ft = 0.3048 m 
millimeters mm 1 in. = 25.4 mm 

For additional conversions and information see ASTM E380, Stan- 
dard for Metric Practice. 

1-4.2.1 If  a value for measurement  as given in this stan- 
da rd  is followed by an equivalent  value in other  units,  the 
first stated is to be regarded as the requi rement .  A given 
equivalent  value may  be approximate .  

1-4 .2 .2  The  conversion procedure  for the SI units has 
been to mul t ip ly  the quant i ty  by the conversion factor a n d  
then round  the result to the appropr ia te  number  of signifi- 
cant  digits.  

1-5  G e n e r a l  I n f o r m a t i o n  a n d  R e q u i r e m e n t s .  

1-5.1 Chap te r  1 contains general  informat ion and the 
design and instal lat ion requi rements  for all features that  
are general ly common  to all carbon dioxide systems. 

1-5.2" C a r b o n  Diox ide .  Carbon  dioxide is a colorless, 
odorless,  electrically nonconduct ive  inert  gas that  is a 

suitable m e d i u m  for ext inguishing fires. Liquid  carbon 
dioxide forms dry  ice snow when released direct ly into the 
a tmosphere .  Ca rbon  dioxide gas is 1.5 t imes heavier  than 
air. C a r b o n  dioxide extinguishes fire by reducing the con- 
centra t ions  of oxygen,  the vapor  phase of the fuel or both 
in the air  to the point  where combust ion  stops. 

1-5.2 .1  Ca rbon  dioxide is present  in the a tmosphere  at 
an average concentration of about  0.03 percent by volume. 
It is also a normal  end produc t  of h u m a n  and animal  
metabol ism.  C a r b o n  dioxide influences certain vital func- 
tions in a n u m b e r  of impor tan t  ways, including control  of  
respiration, dilation, and constriction of the vascular system 
- -  par t icular ly  the cerebrum - -  and the p H  of body fluids. 
The  concentrat ion of carbon dioxide in the air  governs the 
rate at which carbon dioxide is released from the lungs and 
thus affects the concentration of carbon dioxide in the blood 
and tissues. An  increasing concentra t ion of carbon diox- 
ide in air  can, therefore, become dangerous due to a reduc- 
tion in the rate of  release of carbon dioxide from the lungs 
and decreased oxygen intake. [Fur ther  details  of carbon 
dioxide exposure can be obta ined  from H E W  ( N I O S H )  
Publ icat ion No. 76-194 listed in Append ix  C]. Personnel  
safety considerat ions  are covered in Section 1-6. 

1-5.3 U s e  a n d  L i m i t a t i o n s .  Carbon  dioxide fire extin- 
guishing systems are useful within the l imits of this stan- 
dard in extinguishing fires in specific hazards or equipment ,  
and  in occupancies where an inert  electrically nonconduc-  
rive m e d i u m  is essential or  desirable,  where cleanup of  
o ther  med ia  presents  a p roblem,  or  where they are more  
economical  to install  than systems using other  media .  

1-5.3 .1  All areas  or  parts  of  a hazard  to which or  from 
which a fire may  spread shall be s imultaneously protected.  

1-5.3.2 Some of the more important  types of hazards and 
equ ipment  that  carbon dioxide systems may  satisfactorily 
protect  include: 

(a) F l a m m a b l e  l iquid mater ia ls .  (See 1-8.3. e. ) 

C A U T I O N :  Gas  fires should normal ly  be extin- 
guished by shutt ing off the gas flow. Ext inguishing the gas 
flame with carbon dioxide may  be desirable where neces- 
sary to permi t  immedia te  access to valves to shut off the 
gas supply.  Ext inguishment  of  gas fires indoors  with car- 
bon dioxide m a y  create an explosion hazard  and is not 
r ecommended .  

(b) Electrical hazards,  such as transformers,  oil switches 
and circuit  breakers ,  ro ta t ing  equipment ,  and electronic 
equipment .  

(c) Engines ut i l izing gasoline and other  f lammable  liq- 
uid  fuels. 

(d) O r d i n a r y  combust ibles  such as paper ,  wood,  and  
textiles. 

(e) Haza rdous  solids. 

1-5.3.3 The  discharge of  l iquid carbon dioxide is known 
to produce  electrostatic charges which, under  cer tain con- 
dit ions,  could create a spark.  C a r b o n  dioxide fire ex- 
t inguishing systems protec t ing  areas where explosive at- 
mospheres  could exist shall uti l ize metal  nozzles and shall 
be proper ly  grounded.  In  addi t ion,  ob jec t s  exposed to 
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discharge from carbon dioxide nozzles shall be grounded 
to dissipate possible electrostatic charges (see NFPA 77, 
Recommended Practice on Static Electricity). 

1-5.3.4" Carbon dioxide will not extinguish fires where 
the following materials are actively involved in the com- 
bustion process: 

(a) Chemicals containing their own oxygen supply, such 
as cellulose nitrate. 

(b) Reactive metals such as sodium, potassium, 
magnesium, titanium, and zirconium. 

(c) Metal hydrides. 

1-5.4 Types of Systems. There are four types of systems 
recognized in this standard: 

Total Flooding Systems. 
Local Applicaton Systems. 

Hand Hose Line Systems. 
Standpipe Systems and Mobile Supply. 

1-5.4.1 A Total Flooding System consists of a fixed sup- 
ply of carbon dioxide normally connected to fixed piping 
with nozzles arranged to discharge carbon dioxide into an 
enclosed space or enclosure around the hazard. 

1-5.4.2 A Local Application System consists of a fixed 
supply of carbon dioxide normally connected to fixed pip- 
ing with nozzles arranged to discharge carbon dioxide 
directly on the burning material. 

1-5.4.3 A Hand  Hose Line System consists of a fixed 
supply of carbon dioxide supplying hose lines. 

1-5.4.4 A Standpipe System and Mobile Supply consists 
of a mobile supply of carbon dioxide capable of being quick- 
ly moved into position and connected to a system of fixed 
piping supplying fixed nozzles or hose lines or both that 
may be used for either total flooding or local application. 

1-5.5 Carbon Dioxide System. A carbon dioxide 
system may be used to protect one or more hazards or 
groups of hazards by means of directional valves (with the 
permission of the authority having jurisdiction). Where two 
or more hazards may be simultaneously involved in fire 
by reason of their proximity, each hazard shall be either 
(1) protected with an individual system, with the combi- 
nation arranged to operate simultaneously, or (2) protected 
with a single system that shall be sized and arranged to 
discharge on all potentially involved hazards simul- 
taneously. 

1-5.6 Package Systems (Kits).  Package systems con- 
sist of system components designed to be installed accord- 
ing to pretested limitations as approved or listed by a testing 
laboratory. 

1-5.6.1 Package systems may incorporate special 
nozzles, flow rates, methods of application, nozzle place- 
ment, and quantities of carbon dioxide which may differ 
from those detailed elsewhere in this standard since they 
are designed for very specific hazards. All other require- 
ments of the standard apply. 

1-5.6.2 Package systems shall be installed to protect 
hazards within the limitations which have been established 
by the testing laboratories where listed. 

1-6" Personnel  Safety. 
1-6.1 Hazards  to Personnel.  The discharge of carbon 
dioxide in fire extinguishing concentration creates serious 
hazards to personnel, such as suffocation and reduced 
visibility during and after the discharge period. Considera- 
tion shall be given to the possibility of carbon dioxide drift- 
ing and settling into adjacent places outside of the protected 
space (see 1-5. 2). Consideration shall also be given to where 
the carbon dioxide may migrate or collect in event of a dis- 
charge from a safety relief device of a storage container. 

1-6.1.1 Warn ing  Signs. Appropriate warning signs 
shall be affixed outside of those spaces where concentra- 
tions of carbon dioxide gas can accumulate, not only in 
protected spaces but in adjacent areas where the carbon 
dioxide could migrate. Typical signs are shown below: 

Typical sign in protected space: 

W A R N I N G  
CARBON D I O X I D E  GAS 

W H E N  ALARM OPERATES 
VACATE I M M E D I A T E L Y  

Typical sign at entrance to protected space: 
W A R N I N G  

CARBON D I O X I D E  GAS 
W H E N  A L A R M  OPERATES DO N O T  

E N T E R  U N T I L  V E N T I L A T E D  

Typical sign in nearby space: 

C A U T I O N  
CARBON D I O X I D E  D I S C H A R G E  I N T O  A 
NEARBY SPACE MAY C O L L E C T  H E R E  

W H E N  ALARM OPERATES 
VACATE I M M E D I A T E L Y  

Appropriate warning signs shall be placed at every loca- 
tion where manual operation of the system may occur. A 
typical sign at each manual actuation station: 

W A R N I N G  
A C T U A T I O N  OF T H I S  DEVICE W I L L  CAUSE 

CARBON D I O X I D E  T O  DISCHARGE.  
BEFORE A C T U A T I N G ,  BE SURE P E R S O N N E L  

ARE CLEAR OF T H E  AREA. 

1-6.1.2 In any use of carbon dioxide, consideration shall 
be given to the possibility that personnol could be trapped 
in or enter into an atmosphere made hazardous by a car- 
bon dioxide discharge. Suitable safeguards shall be pro- 
vided to ensure prompt evacuation to prevent entry into 
such atmospheres and provide means for prompt rescue 
of any trapped personnel. Personnel training shall be pro- 
vided. Predischarge alarms shall be provided except as 
noted in 1-8.1(c) and 1-8.3.5. 

NOTE: It is recommended that self-contained breathing ap- 
paratus be provided for rescue purposes. 

1-6.1.3 All persons that may at any time enter a space 
protected by carbon dioxide shall be warned of the hazards 
involved. 
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NOTE: Personnel trained to recognize the alarm signal may be 
needed to warn persons who enter the space and aid in safe evacua- 
tion. (See 1-8.  5. ) 

1-6.1 .4  The  predischarge warn ing  signal shall provide  
a t ime delay of sufficient dura t ion  to allow for evacuat ion 
under  "wors t  case"  conditions,  except as noted in 1-8.1(c) 
and 1-8.3.5. Dry  runs shall be made to determine the mini- 
m u m  t ime that  shall be allowed for persons to remove 
themselves from the hazard area after allowing time to iden- 
tify the warn ing  signal. 

1-6.1 .5  Audibl~ predischarge signals shall be provided.  
Visual  signals shall be provided if the ambien t  noise level 
is high, or if persons with hearing impairment  are involved, 
except as noted in 1-8.1(c) and  1-8.3.5. 

1-6 .1 .6  All personnel  must  be acquain ted  with the fact 
that discharge of  carbon dioxide gas from either high or  
low pressure systems direct ly at a person may  endanger  
their  safety by eye injury,  ear  injury , or even falls due to 
loss of  balance on the impingement  of the high velocity 
d ischarging gas. Contac t  with carbon dioxide in the form 
of dry  ice can cause frostbite. 

1-6 .1 .7  To prevent  accidental  or del iberate  discharge,  
a " l o c k - o u t "  shall be provided when persons not famil iar  
with the systems and their  opera t ion  are present  in a pro-  
tected space. W h e n  protect ion is to be ma in ta ined  dur ing  
the lock-out period,  a person(s) shall be assigned as a "f i re  
wa tch"  with suitable portable or  semiportable fire fighting 
equipment ,  or means  to restore protect ion.  The  " f i re  
wa tch"  shall have a communica t ion  l ink to a constant ly 
moni to red  location. Author i t ies  responsible for cont inui ty  
of fire protect ion shall be notified of  lock-out and  subse- 
quent  restorat ion of the system. 

1-6.2 Electrical  Clearances ,  All system components  
shall be so located as to maintain min imum clearances from 
live parts  as shown in Table  1-6.2. 

As used in this s tandard,  " c l ea r ance"  is the air  distance 
between equipment ,  including piping and nozzles, and un- 
enclosed or uninsulated live electrical components  at other  
than ground  potential .  The  m i n i m u m  clearances listed in 
Table 1-6.2 are for the purpose of electrical clearance under  
normal  conditions; they are not intended for use as " s a f e "  
distances dur ing  fixed system operat ion.  

The  clearances given are for al t i tudes of  3,300 ft (1000 
m) or  less. At  al t i tudes in excess of  3,300 ft (1000 m) the 
clearance shall be increased at the rate of I percent for each 
330-ft (100-m) increase in alti tude above 3,300 ft (1000 m). 

The  clearances are based upon m i n i m u m  general  prac-  
tices related to design Basic Insulat ion Level (BIL) values. 
To coordinate  the required clearance with the electrical 
design,  the design BIL  of  the equ ipment  being protected 
shall be used as a basis, a l though this is not mater ia l  at 
nomina l  line voltages of 161 kv or less. 

U p  to electrical system voltages of 161 kv, the design 
BIL kv and cor responding  m i n i m u m  clearances,  phase to 
ground,  have been establ ished through long usage. 

At  voltages h igher  than 161 kv, uni formity  in the rela- 
t ionship between design BIL kv and the various electrical 
system voltages has not  been establ ished in practice.  For  
these higher  system voltages it has become common prac-  

tice to use BIL  levels dependent  on the degree of protec-  
tion which is to be obtained.  For  example ,  in 230-kv 
systems, BILs of 1050, 900, 825, 750, and  650 kv have 
been util ized. 

Requ i red  clearance to ground may  also be affected by 
switching surge duty ,  a power  system design factor which 
along with BIL  must  correlate with selected m i n i m u m  
clearances.  Electrical design engineers may  be able to fur- 
nish clearances dictated by switching surge duty. Table  1-9 
deals only with clearances requi red  by  design BIL.  The  
selected clearance to ground shall satisfy the greater  of  
switching surge or BIL duty ,  ra ther  than be based upon  
nomina l  voltage. 

Table 1-6.2 
Clearance from Carbon Dioxide Equipment 
to Live Uninsulated Electrical Components 

Nominal Maximum Design Minimum* 
System System BIL Clearance 

Voltage (kv) Voltage (kv) (kv) (in.) (mm) 

To 13.8 14.5 110 7 178 
23 24.3 150 10 254 
34.5 36.5 200 13 330 
46 48.3 250 17 432 
69 72.5 350 25 635 

115 121 550 42 1067 
138 145 650 50 1270 
161 169 750 58 1473 
230 242 900 76 1930 

1050 84 2134 
345 362 1050 84 2134 

1300 104 2642 
500 550 1500 124 3150 

1800 144 3658 
765 800 2050 167 4242 

*For voltages up to 161 kv the clearances are taken from NFPA 70, Na- 
tional Electrical Code ® . For voltages 230 kv and above the clearances are 
taken from Table 124 of ANSI C-2. National Electrical Safety Code. 

NOTE: BIL values are expressed as kilovolts (kv), the number 
being the crest value of the full wave impulse test that the elec- 
trical equipment is designed to withstand. For BIL values which 
are not listed in the table, clearances may be found by interpolation. 

Possible design var ia t ions  in the clearance required at 
h igher  voltages are evident  in the table,  where a range of  
BIL  values is indicated opposite the various voltages in the 
high voltage por t ion  of  the table.  However ,  the clearance 
between uninsulated energized parts of the electrical system 
equ ipment  and any por t ion of the carbon dioxide system 
shall be not less than  the m i n i m u m  clearance provided  
elsewhere for electrical system insulations on any individual 
component .  

1-6.2.1 When  the design BIL is not available,  and when 
nomina l  voltage is used for the design cri teria,  the highest  
m i n i m u m  clearance listed for this group shall be used. 

1-7 Spec i f i cat ions ,  P lans ,  and Approva l s .  

1-7.1 Purchasing Specif ications.  Specifications for car- 
bon dioxide fire ext inguishing systems shall be d rawn up 
with care and with the advice of the au thor i ty  having 
jur isdic t ion.  

1-7 .1 .1  The  specifications shall designate the author i ty  
hav ing  jur isdic t ion  and describe the hazard .  
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Figure 1-6.2 Clearance from Carbon Dioxide Equipment to Live 
Uninsulated Electrical Components. 

1-7.1.2 The specifications shall state that the installation 
shall conform to this standard and meet the approval of 
the authority having jurisdiction. 

1-7.1.3 The specifications shall include the specific tests 
that may be required to meet the approval of the author- 
ity having jurisdiction, and indicate how cost of testing is 
to be borne. 

1-7.1.4 The specifications shall require the provision of 
equipment listed for the use intended. 

1-7.2 Plans and Approvals. Plans and calculations shall 
be submitted for approval to the authority having jurisdic- 
tion before the work starts. Their  preparation shall be en- 
trusted to none but fully experienced and qualified persons. 

1-7.2.1 These plans shall be drawn to an indicated scale 
or be suitably dimensioned and shall be made so that they 
can be easily reproduced. 

1-7.2.2 These plans shall contain sufficient detail to 
enable the authority having jurisdiction to evaluate the 
hazard or hazards and to evaluate the effectiveness of the 
system. The details shall include the materials involved in 
the protected hazards, location of the hazards, the enclosure 
or limits and isolation of the hazards, and the area sur- 
rounding which might affect the protected hazards. 

1-7.2.3 The detail on the system shall include informa- 
tion and calculations on the amount of CO2; the location 
and flow rate of each nozzle including equivalent orifice 
area; the location, size and equivalent lengths of pipe, fit- 
tings and hose; and the location and size of the CO2 storage 

facility. Information shall be submitted pertaining to the 
location and function of the detection devices, operating 
devices, auxiliary equipment, and electrical circuitry, if 
used. Sufficient information shall be indicated to identify 
properly the apparatus and devices used. Any special fea- 
tures shall be adequately explained. 

1-7.2.4 When field conditions necessitate any material 
change from approved plans, the change shall be submitted 
to the authority having jurisdiction for approval. 

1-7.2.5 When such material changes from approved 
plans are made, corrected "as-installed" plans shall be sup- 
plied to the owner and the authority having jurisdiction. 

1-7.2.6 An instruction and maintenance manual which 
includes a full sequence of operation and a full set of system 
drawings and calculations shall be maintained in a pro- 
tective enclosure. 

1-7.3" Approva l  of Instal lations.  The completed 
system shall be inspected and tested by qualified person- 
nel to meet the approval of the authority having jurisdic- 
tion. Only listed or approved equipment and devices shall 
be used in the system. To determine that the system has 
been properly installed and will function as specified, the 
following shall be performed: 

(a) A thorough visual inspection of the installed system 
and hazard area. The piping, operational equipment, and 
discharge nozzles shall be inspected for proper size and 
location. The locations of alarms and manual emergency 
releases shall be confirmed. The configuration of the hazard 
shall be compared to the original hazard specification. The 
hazard shall be inspected closely for unclosable openings 
and sources of agent loss which may have been overlooked 
in the original specification. 

(b) A check of labeling of devices for proper designa- 
tions and instructions. Nameplate data on the storage con- 
tainers shall be compared to specifications. 

(c) Nondestructive operational tests on all devices neces- 
sary for proper functioning of the system, including detec- 
tion and actuation devices. 

(d) A full discharge test shall be performed on all systems 
except when specifically waived by the authority having 
jurisdiction. When multiple hazards are protected from a 
common supply, then a full discharge test shall be per- 
formed for each hazard. 

N O T E :  P r i o r  to  t e s t i ng ,  p r o p e r  sa fe ty  p r o c e d u r e s  shall  be  re-  
v i e w e d .  See  1-6 a n d  A ° l - 6 .  

1. Local Application - -  Full discharge of design quan- 
tity carbon dioxide through system piping to ensure car- 
bon dioxide effectively covers the hazard for the full period 
of time required by the design specifications and all 
pressure operated devices function as intended. 

2. Total Flooding - -  Full discharge of entire design 
quantity of carbon dioxide through system piping to en- 
sure that carbon dioxide is discharged into the hazard, and 
that the concentration is achieved and maintained in the 
period of time required by the design specifications and 
all pressure operated devices function as intended. 

3. Hand Held Hose Lines - -  Full discharge test of 
hand held hose line systems, requires evidence of liquid 
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flow from each nozzle with an adequate pattern of 
coverage. 

1-8 Operation and Control of Systems. 
1-8.1 Methods of Actuation. Systems shall be classified 
as automatic or manual in accordance with the following 
methods of actuation: 

(a) Automatic Operation. Operation that does not require 
any human action. 

(b) NormalManual Operation. Operation of the system 
requiring human action where the device used to cause 
operation is located so as to be easily accessible at all times 
to the hazard. (See 1-8.3.4. ) Operation of one control shall 
be all that is required to bring about the full operation of 
the system. 

(c) Emergency Manual Operation. Operation of the system 
by human means where the device used to cause opera- 
tion is fully mechanical in nature and is located at or near 
the device being controlled. Fully mechanical may incor- 
porate the use of system pressure to complete operation 
of the device. 

NOTE: THE EMERGENCY MANUAL C O N T R O L  IS IN- 
TENDED FOR USE ONLY IN THE EVENT OF FAILURE 
OF AUTOMATIC OR NORMAL MANUAL ACTUATION.  
IF T H E R E  IS NO TIME DELAY OR PREDISCHARGE 
ALARM WITH EMERGENCY MANUAL METHOD OF AC- 
T U A T I O N  IT MUST BE ASCERTAINED T H A T  THE 
HAZARD AREA AND ADJOINING AREAS W H E R E  CAR- 
BON DIOXIDE MAY ACCUMULATE ARE CLEAR OF ALL 
PERSONNEL PRIOR TO OPERATION OF THIS DEVICE. 
THESE DEVICES SHALL BE CLEARLY MARKED TO IN- 
DICATE THIS W I T H  A W A R N I N G  PLACARD. 

1-8.2 Detection of Fires. Fires or conditions likely to 
produce fire may be detected by visual (human senses) or 
by automatic means. 

1-8.2.1 Reliance on visual detection shall be permitted 
only with permission of the authority having jurisdiction, 
where fires or conditions likely to produce fire can be readi- 
ly detected by such means. 

1-8.2.2" Automatic detection shall be by any listed or 
approved method or device that is capable of detecting and 
indicating heat, flame, smoke, combustible vapors, or an 
abnormal condition in the hazard such as process trouble 
that is likely to produce fire. 

1-8.3 Operating Devices. Operating devices include 
carbon dioxide releasing devices or valves, discharge con- 
trols, and equipment shutdown devices, all of which are 
necessary for successful performance of the system. 

1-8.3.1 Operation shall be by listed or approved 
mechanical, electrical, or pneumatic means. 

1-8.3.2 All devices shall be designed for the service they 
will encounter and shall not be readily rendered inoperative 
or susceptible to accidental operation. Devices shall be nor- 
mally designed to function properly from - 20 °F to 150 °F 
( -  29 °(3 to 66 °C) or marked to indicate temperature 
limitations. 

1-8.3.3 All devices shall be located, installed, or suitably 
protected so that they are not subject to mechanical, 

chemical, or other damage which would render them 
inoperative. 

1-8.3.4 The normal manual control for actuation shall 
be located so as to be conveniently and easily accessible 
at all times including the time of fire. This control shall 
cause the complete system to operate in its normal fashion. 
Operation of this device shall not cause the time delay to 
recycle. (See 1-6.1.4.) 

1-8.3.5 All valves controlling the release and distribu- 
tion of carbon dioxide shall be provided with an emergency 
manual control. This does not apply to slave high pressure 
cylinders. It is possible for the normal manual control to 
qualify as the emergency manual control if the provisions 
of 1-8.1 are satisfied. 

The emergency means shall be easily accessible and 
located close to the valves controlled. If possible, the system 
should be designed so that emergency actuation can be ac- 
complished from one location. This does not apply to slave 
high pressure cylinders. 

Determination shall be made as to whether a time delay 
and predischarge alarm for emergency manual control are 
required based on the nature of the hazard and safety 
requirements. 

1-8.3.6" Where gas pressure from pilot cylinders fed 
through the system discharge manifold (i.e., using back 
pressure rather than a separate pilot line) is used as a means 
for releasing remaining slave cylinders and the supply con- 
sists of less than three cylinders, one cylinder shall be used 
for such operation. If the supply consists of three cylinders 
or more, there shall be one pilot cylinder more than the 
minimum required to actuate the system. During the full 
discharge acceptance test, the extra pilot cylinder shall be 
arranged to operate as a slave cylinder. 

1-8.3.7 Manual controls shall not require a pull of more 
than 40 lb (force) (178 N) nor a movement of more than 
14 in. (356 ram) to secure operation. 

1-8.3.8 Where the continuing operation of equipment 
associated with a hazard being protected could contribute 
to sustaining the fire in that hazard, the source of power 
or fuel shall be automatically shut off. All shutdown devices 
shall be considered integral parts of the system and shall 
function with the system operation. 

I 
1-8.3.9 All manual operating devices shall be identified 
as to the hazard they protect, the function they perform 
and the method of operation. 

1-8.4 Supervision of automatic systems shall be provided 
unless specifically waived by the authority having jurisdic- 
tion. Interconnections between the components that are 
necessary for the control of the sYstem and life safety, such 
as detection, actuation, alarms, power sources, etc., shall 
be supervised. An open circuit, ground fault condition, or 
loss of integrity in the pneumatic control lines that would 
impair full system operation shall result in a trouble signal. 
The alarm and trouble signals shall be transmitted by one 
of the following methods: 

(a) Local alarm service which will cause an audio and 
visual signal at a constantly attended location (NFPA 72A), 
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(b) Proprietary alarm service (NFPA 72D), 

(c) Remote alarm service (NFPA 72C), or 
(d) Central station alarm service (NFPA 71). 

Exception." High pressure pneumatic operated slave cylinder con- 
nections immediately adjacent to pilot cylinders need not be supervised. 

1-8.5 Alarms and Indicators. Alarms or indicators, or 
both, are used to indicate the operation of the system, 
hazard to personnel, or failure of any supervised device 
or equipment. The device may be audible, visual, or olfac- 
tory. The type, number, and location of the devices shall 
be such that their purpose is satisfactorily accomplished. 
The extent and type of alarm or indicator equipment, or 
both, shall be approved. 

1-8.5.1 An alarm or indicator shall be provided to show 
that the system has operated and needs recharging. 

1-8.5.2" An alarm shall be provided to indicate the 
operation of automatic systems and that immediate per- 
sonnel response is desired. 

1-8.5.3 Predischarge alarms shall be provided to give 
positive warning of a discharge where hazard to personnel 
may exist, except as noted in 1-8.1(c) and 1-8.3.5. Such 
alarms shall function to warn against personnel entry into 
hazardous areas as long as such hazards exist or until such 
hazards are properly recognized. (See Section 1-6.) 

1-8.5.4 Alarms indicating failure of supervised devices 
or equipment shall give prompt and positive indication of 
any failure and shall be distinctive from alarms indicating 
operation or hazardous conditions. 

1-8.6" Power Sources. The primary source of energy 
for the operation and control of the system shall have the 
capacity for intended service and shall be reliable. When 
failure of the primary source of energy will jeopardize pro- 
tection provided for the hazard, the life safety, or both, 
an independent secondary (standby) power supply shall 
supply energy to the system in the event of total failure 
or low voltage (less than 85 percent of the nameplate 
voltages) of the primary (main) power supply. The second- 
ary (standby) supply shall be capable of operating the 
system under maximum normal load for 24 hours and then 
be capable of operating the system continuously for the full 
design discharge period. The secondary (standby) power 
supply shall automatically transfer to operate the system 
within 30 seconds of the loss of the primary (main) power 
supply. 

1-9 Carbon Dioxide Supply. 
1-9.1" Quantities. The amount of carbon dioxide in the 
system shall be at least sufficient for the largest single 
hazard protected or group of hazards which are to be pro- 
tected simultaneously. 

1-9.1.1 Where hand hose lines may be used on a hazard 
protected by a fixed system, separate supplies shall be pro- 
vided unless sufficient carbon dioxide is provided to en- 
sure that the fixed protection for the largest single hazard 
upon which the hose lines may be used will not be jeopar- 
dized. (See 4-1.1.) 

1-9.1.2 Where continuous protection is required, the 
reserve quantity shall be as many multiples of these mini- 
mum amounts as the authority having jurisdiction con- 
siders necessary. (See 1-9. 3.) 

1-9.1.3 Both primary and reserve supplies for fixed 
storage systems shall be permanently connected to the pip- 
ing and arranged for easy changeover, except where the 
authority having jurisdiction permits an unconnected 
reserve. 

1-9.2" Quality. Carbon dioxide used for initial supply 
and replenishment shall be of good commercial grade, free 
of water and other contaminants that might cause container 
corrosion or interfere with free discharge through nozzle 
orifices. In general, carbon dioxide obtained by convert- 
ing dry ice to liquid will not be satisfactory unless it is prop- 
erly processed to remove excess water and oil. 

1-9.2.1 The vapor phase shall be not less than 99.5 per- 
cent carbon dioxide with no detectable off-taste or odor. 

1-9.2.2 The water content of the liquid phase shall be 
not more than 0.01 percent by weight [ - 30 °F ( - 34 °C) 
dew point]. 

1-9.2.3 Oil content shall be not more than 10 ppm by 
weight. 

1-9.3 Replenishment. The time needed to obtain car- 
bon dioxide for replenishment to restore systems to operat- 
ing condition shall be considered as a major factor in deter- 
mining the reserve supply needed. 

1-9.4 Storage Containers. Storage containers and ac- 
cessories shall be so located and arranged that inspection, 
testing, recharging, and other maintenance is facilitated 
and interruption to protection is held to a minimum. 

1-9.4.1 Storage containers shall be located as near as pos- 
sible to the hazard or hazards they protect, but they shall 
not be located where they will be exposed to a fire or ex- 
plosion in these hazards. 

1-9.4.2 Storage containers shall not be located so as to 
be subject to severe weather conditions or be subject to 
mechanical, chemical, or other damage. 

1-9.4.3 When excessive climatic or mechanical exposures 
are expected, suitable guards or enclosures shall be 
provided. 

1-9.5" High Pressure Storage Containers. The carbon 
dioxide supply shall be stored in rechargeable containers 
designed to hold pressurized carbon dioxide in liquid form 
at atmospheric temperatures corresponding to a nominal 
pressure of 850 psi (58.6 bars) at 70 °F (21 °C). 

1-9.5.1 High pressure containers or cylinders shall be 
constructed, tested, and marked in accordance with U.S. 
Department of Transportation specifications I (in current 

~Secs. 178.36 and 178.37 of Title 49, Transportation, Code of Federal 
Regulations. Parts 171-190 (DOT). Available from the Superintendent of 
Documents, U. S. Government Printing Office, Washington, DC 20401. 
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effect upon date of manufacture and test) for DOT-3A, 
3AA-1800, or higher, seamless steel cylinders. Charged 
cylinders shall be tested for tightness before shipment in 
accordance with an approved procedure. 

1-9.5.2 High pressure cylinders used in fire ex- 
tinguishing systems shall not be recharged without hydro- 
static test (and remarking) if more than 5 years have 
elapsed from the date of last test. Cylinders continuously 
in service without discharging may be retained in service 
for a maximum of 12 years from the date of last hydrostatic 
test. At the end of 12 years, they shall be discharged and 
retested before being returned to service. 

NOTE: Transporting charged carbon dioxide cylinders which 
have not been hydrostatically tested within 5 years may be illegal. 
Federal and local regulations should be consulted. 

1-9.5.3 Each cylinder shall be provided with a safety 
device to relieve excess pressures safely in advance of the 
rated cylinder test pressure. DOT-approved,  frangible 
safety discs shall be accordingly fitted. 

1-9.5.4 When manifolded, cylinders shall be adequately 
mounted and suitably supported in a rack provided for the 
purpose, including facilities for convenient individual ser- 
vicing or content weighings. Automatic means shall be pro- 
vided to prevent the loss of carbon dioxide from the mani- 
fold if the system is operated when any cylinder is removed 
for maintenance. 

1-9.5.5 Individual cylinders shall be used having a stan- 
dard weight capacity of 5, 10, 15, 20, 25, 35, 50, 75 or 
100 lb (2.3, 4.5, 6.8, 9.1, 11.4, 15.9, 22.7, 34.1 or 45.4 
kg) of carbon dioxide contents except for special tempera- 
ture charges (see 1-9.5. 6). In a multiple cylinder system, 
all cylinders supplying the same manifold outlet for distri- 
bution of agent shall be interchangeable and of one select 
size. 

1-9.5.6 The ambient storage temperatures for (a) local 
application systems, shall not exceed 120 °F (49 °C) nor 
be less than 32 °F (0 °C) and (b) total flooding systems, 
shall not exceed 130°F (54°C) nor be less than 0 °F 
( - 18 °C) unless the system is designed for proper opera- 
tion with storage temperatures outside of this range. Ex- 
ternal heating or cooling may be used to keep the tem- 
perature within this range. When special cylinder charges 
are used, the cylinders shall be appropriately marked in 
a permanent manner.  

1 -9 .6 '  Low Pressure Storage Containers. Low 
pressure storage containers shall be designed to maintain 
the carbon dioxide supply at a nominal pressure of 300 psi 
(20.7 bars) corresponding to a temperature of approxi- 
mately 0 °F ( - 18 °C). 

1-9.6.1 The pressure container shall be made, tested, ap- 
proved, equipped, and marked in accordance with the cur- 
rent specifications of the American Society of Mechanical 
Engineers (ASME) Code for Unfired Pressure Vessels 1 or 

ICode for Unfired Pressure Vessels for Petroleum Liquids and Gases (ASME; 
API-ASME). Available from The American Society of Mechanical 
Engineers, 345 East 47th St., New York, NY 10017. 

in the case of mobile supply containers if applicable the 
requirements of the Department of Transportation (DOT) 1 
or both. The design working pressure shall be at least 325 
psi (22.4 bars). 

1-9.6.2" In addition to the code requirements, each pres- 
sure container shall be equipped with a liquid level gauge, 
a pressure gauge, and a high-low pressure supervisory 
alarm set at approximately 315 and 250 psi (21.7 and 17.2 
bars). 

1-9.6.3 The pressure container shall be insulated and 
equipped with refrigeration or heating or both if necessary. 
Heating need not be provided unless known meteorological 
data indicate the occurrence of ambient temperatures which 
will cool the contents of the tank sufficiently to reduce the 
pressure below 250 psi (17.2 bars) [approximately - 10 °F 
( - 23 °C)]. 

1-9.6.4 The refrigeration system shall be capable of 
maintaining 0 °F ( - 18 °C) in the pressure container under 
the highest expected ambient temperature. Operation shall 
be automatically controlled within practical limits. 

1-9.6.5 The heating system, when required, shall be 
capable of maintaining 0 °F ( - 18 °C) in the pressure con- 
tainer under the lowest expected ambient temperature. 
Operation shall be automatically controlled within prac- 
tical limits. 

1-10 Distribution Systems. 
1-10.1 Pipe and Fittings. Piping shall be of noncom- 
bustible material having physical and chemical character- 
istics such that its deterioration under stress can be 
predicted with reliability. Special corrosion resistant 
materials or coatings may be required in severely corrosive 
atmospheres. Examples of materials for piping and the 
standards covering these materials are: 

(a) Ferrous Piping: Black or galvanized steel pipe shall 
be either ASTM A-53 seamless or electric welded, Grade 
A or B, or ASTM A-106, Grade A, B, or C. ASTM A-120 
and ordinary cast-iron pipe shall not be used. 

1. In systems using high pressure supply, 3/4-in. and 
smaller pipe may be Schedule 40. Pipe 1 in. through 4 in. 
shall be a minimum of Schedule 80. Furnace butt weld 
ASTM-53 pipe shall not be used. 

2. In systems using low pressure supply, pipe shall 
be minimum of Schedule 40. Furnace butt weld ASTM-53 
pipe may be used. 

(b) This standard does not preclude the use of other pip- 
ing materials such as stainless steel or other piping or tub- 
ing providing, for high pressure supply, an internal 
pressure of 3,000 psi, and for low pressure supply, an in- 
ternal pressure of 450 psi, which will not cause material 
stress greater than the material 's  yield point when 
calculated according to ANSI B:31.1, Power Piping Code. 

1-10.1.1" Flexible piping, tubing, or hoses (including 
connections), where used, shall be of approved materials 

1 Title 49, Transportation, Code of Federal Regulations. Parts 171-190 (DOT). 
Available from the Superintendent of Documents, U.S. Government Print- 
ing Office, Washington, D.C. 20401 
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and pressure ratings. It shall be inspected regularly in ac- 
cordance with 1-11.2.7. 

1-10.1.2 Fittings. Class 150 and cast-iron fittings shall 
not be used. 

(a) High Pressure Fittings. Class 300 malleable or ductile 
iron fittings shall be used through 2-in. IPS and forged steel 
fittings in all larger sizes. Flanged joints upstream of any 
stop valves shall be Class 600 and downstream of any stop 
valves or in systems with no stop valves may be Class 300. 

(b) Low Pressure Fittings. Class 300 malleable or duc- 
tile iron fittings shall be used through 3-in. IPS and 1000-1b 
ductile iron or forged steel fittings in all larger sizes. 
Flanged joints shall be Class 300. 

1-10.1.3 Welded joints, screwed or flanged fittings 
(malleable iron or ductile iron) may be used. Mechanical 
grooved couplings and fittings may be used if they are 
specifically listed for carbon dioxide service. Flush bushings 
shall not be used. When hex bushings are used, more than 
one pipe size reduction or a 3000-1b (6615-kg) forged steel 
bushing shall be provided to maintain adequate strength. 
Suitable flared, compression-type, or brazed fittings shall 
be used with copper or brass tubing. Where brazed joints 
are used, the brazing alloy shall have a melting point of 
1000 °F (538 0(3) or higher. 

1-10.1.4 In systems using high pressure supply, the pip- 
ing system shall have a minimum bursting pressure of 5000 
psi (413.7 bars). 

1-10.1.5 In systems using low pressure supply, the pip- 
ing system shall have a minimum bursting pressure of 1800 
psi (124.1 bars). 

1-10.2 Arrangement and Installation of Piping and Fit- 
tings. Piping shall be installed in accordance with good 
commercial practices and the equipment manufacturer 's  
recommendations. 

1-10.2.1" All piping shall be laid out to reduce friction 
losses to a reasonable minimum and care shall be taken 
to avoid possible restrictions due to foreign matter or faulty 
fabrication. 

1-10.2.2 The piping system shall be securely supported 
with due allowance for agent thrust forces, thermal expan- 
sion and contraction, and shall not be subject to 
mechanical, chemical, or other damage. Where explosions 
are possible, the piping system shall be hung from sup- 
ports that are least likely to be displaced. 

1-10.2.3 Pipe shall be reamed and cleaned before 
assembly, and after assembly the entire piping system shall 
be blown out before nozzles or discharge devices are 
installed. 

1-10.2.4 In systems where valve arrangement introduces 
sections of closed piping, such sections shall be equipped 
with pressure relief devices or the valves shall be designed 
to prevent entrapment of liquid carbon dioxide. The 
pressure relief devices shall operate at between 2400 and 
3000 psi (165.5 and 206.9 bars) on systems supplied with 
high pressure storage, and at 450 psi (31.0 bars) on systems 

supplied by low pressure storage. Where pressure operated 
cylinder valves are used, a means shall be provided to vent 
any cylinder gas leakage from the manifold, but which will 
prevent loss of gas when the system operates. 

1-10.2.5 All pressure relief devices shall be of such design 
and so located that the discharge of CO2 therefrom will 
not injure personnel or be otherwise objectionable. 

1-10.3 Valves. All valves shall be suitable for the in- 
tended use, particularly in regard to flow capacity and 
operation. They shall be used only under temperatures and 
other conditions for which they are listed or approved. 

1-10.3.1 Valves used in systems with high pressure 
storage and constantly under pressure shall have a 
minimum bursting pressure of 6000 psi (413.7 bars) while 
those not under constant pressure shall have a minimum 
bursting pressure of at least 5000 psi (344.8 bars). 

1-10.3.2 Valves used in systems using low pressure 
storage shall withstand a hydrostatic test to 1800 psi (124.1 
bars) without permanent distortion. 

1-10.3.3 Valves shall be located, installed or suitably 
protected so that they are not subject to mechanical, 
chemical, or other damage which would render them 
inoperative. 

1-10.3.4 Valves shall be rated for equivalent length in 
terms of the pipe or tubing sizes with which they will be 
used. The equivalent length of cylinder valves shall include 
siphon tube, valve, discharge head and flexible connector. 

1-10.4 Discharge Nozzles. Discharge nozzles shall be 
suitable for the use intended and shall be listed or approved 
for discharge characteristics. The discharge nozzle consists 
of the orifice and any associated horn, shield, or baffle. 

1-10.4.1 Discharge nozzles shall be of adequate strength 
for use with the expected working pressures, be able to 
resist nominal mechanical abuse, and constructed to with- 
stand expected temperatures without deformation. 

1-10.4.2 Discharge orifices shall be of corrosion resistant 
metal. 

1-10.1.3 Discharge nozzles used in local application 
systems shall be so connected and supported that they may 
not readily be put out of adjustment. 

1-10.4.4" Discharge nozzles shall .be permanently 
marked to identify the nozzle and to show the equivalent 
single orifice diameter regardless of shape and number  of 
orifices. This equivalent diameter shall refer to the orifice 
diameter of the "S tandard"  single orifice type nozzle hav- 
ing the same flow rate as the nozzle in question. The mark- 
ing shall be readily discernible after installation. The 
"S tandard"  orifice is an orifice having a rounded entry 
with a coefficient of discharge not less than 0.98 and flow 
characteristics as given in Tables 1-10.4.4(b) and 
1-10.4.4(c). 

For examples of equivalent orifice diameters see Table 
1-10.4.4(a). The orifice code numbers indicate the equiva- 
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lent  s ingle orif ice d i a m e t e r  in 1/32 in. (0.8 m m )  incre-  
men t s .  Or i f ice  sizes o t h e r  t h a n  those  s h o w n  in T a b l e  
1-10-4.4(a)  m a y  be used  a n d  m a y  be m a r k e d  as d ec i ma l  
orifice e q u i p m e n t .  

Table 1-10.4.4(a) 
Equivalent Orifice Sizes 

Equivalent Equivalent 
Orifice Single Orifice Single Orifice 

Code No. Diameter Area 
inches mm inches ~ mm ~ 

1 1/32 0.79 .0008 0.49 
1.5 3/64 1.19 .0017 1.11 
2 1/16 1.59 .0031 1.98 
2.5 5/64 1.98 .0047 3.09 
3 3/32 2.38 .0069 4.45 
3.5 7/64 2.78 .0094 6.06 
4 1/8 3.18 .0123 7.94 
4.5 9/64 3.57 .0155 10.00 
5 5/32 3.97 .0192 12.39 
5.5 11/64 4.37 .0232 14.97 
6 3/16 4.76 .0276 17.81 
6.5 13/64 5.16 .0324 20.90 
7 7/32 5.56 .0376 24.26 
7.5 15/64 5.95 .0431 27.81 
8 1/4 6.35 .0491 31.68 
8.5 17/64 6.75 .0554 35.74 
9 9/32 7.14 .0621 40.06 
9.5 19/64 7.54 .0692 44.65 

10 5/16 7.94 .0767 49.48 
11 11/32 8.73 .0928 59.87 
12 3/8 9.53 .1105 71.29 
13 13/32 10.32 .1296 83.61 
14 7/16 11.11 .1503 96.97 
15 15/32 11.91 .1725 111.29 
16 1/2 12.70 .1964 126.71 
18 9/16 14.29 .2485 160.32 
20 5/8 15.88 .3068 197.94 
22 11/16 17.46 .3712 239.48 
24 3/4 19.05 .4418 285.03 
32 1 25.40 .785 506.45 
48 1 ~ 38.40 1.765 1138.71 
64 2 50.80 3.14 2025.80 

Table 1-10.4.4(b) Discharge Rate Per Square Inch of Equivalent 
Orifice Area for Low Pressure Storage [300 psia (20.7 bars)] 

Orifice Pressure Discharge Rate 
psia bars lbs/min/in, z kg/min/mm 2 

300 20.7 4220 2.970 
290 20.0 2900 2.041 
280 19.3 2375 1.671 
270 18.6 2050 1.443 

260 17.9 1825 1.284 
250 17.2 1655 1.165 
240 16.5 1525 1.073 
230 15.9 1410 0.992 
220 15.2 1305 0.918 
210 14.5 1210 0.851 
200 13.8 1125 0.792 
190 13.1 1048 0.737 

180 12.4 977 0.688 
170 11.7 912 0.642 
160 11.0 852 0.600 
150 10.3 795 0.559 

1-10 .4 .5  Discharge  nozzles  shall be  p rov ided  wi th  frangi-  
ble discs or  b low-ou t  caps  w h e r e  c logg ing  by  fo re ign  

ma te r i a l s  is likely. T h e s e  devices  shall p rov ide  an  
u n o b s t r u c t e d  o p e n i n g  u p o n  sys t em o p e r a t i o n .  

1 - 1 0 . 5 "  P i p e  a n d  O r i f i c e  S ize  D e t e r m i n a t i o n .  P ipe  
sizes a n d  orifice a reas  shall  be  se lec ted  on  the  basis  o f  
ca lcu la t ions  to de l iver  the  r e q u i r e d  ra te  of  flow at each  
nozzle .  

Table 1-10.4.4(c) Discharge Rate Per Square Inch of Equivalent 
Orifice Area for High Pressure Storage [750 psia (51.7 bars)] 

Orifice Pressure Discharge Rate 
psia bars lbs/min/in. ~ kg/min/mm ~ 

750 51.7 4630 3.258 
725 50.0 3845 2.706 
700 48.3 3415 2.403 
675 46.5 3090 2.174 

650 44.8 2835 1.995 
625 43.1 2615 1.840 
600 41.4 2425 1.706 
575 39.6 2260 1.590 

550 37.9 2115 1.488 
525 36.2 1985 1.397 
500 34.5 1860 1.309 
475 32.8 1740 1.224 

450 31.0 1620 1.140 
425 29.3 1510 1.063 
400 27.6 1400 0.985 
375 25.9 1290 0.908 

350 24.1 1180 0.830 
325 22.4 1080 0.760 
300 20.7 980 0.690 

1 - 1 0 . 5 . 1  T h e  fo l lowing e q u a t i o n  or  cu rves  d e v e l o p e d  
t h e r e f r o m  shall  be  u sed  to d e t e r m i n e  the  p r e s s u re  d r o p  in 
the  p ipe  line: 

Q2 = (3647) (DS25Y) 
L + 8.08 (D 12sZ) 

Where Q 

D 

L 

Y&Z 

= Flow rate in lbs/ min 

= Inside pipe diameter (actual) in inches 

= Equivalent length of pipeline in feet 

= Factors depending on storage and line pressure 

Q.M ~ 

Where 

O_~ = 

D = 

L = 

Y and Z = 

For SI Units 

10 -5 × 0.8725 DS2Sy 

L + 0.04319 D 12s Z 

Flow rate in kg/min 

Inside pipe diameter (actual) in mm 

Equivalent length of pipeline in m 

Factors depending on storage and line pressure 

NOTE: For further explanation see Appendix A-l-10.5. 

1 - 1 0 . 5 . 2  Fo r  s y s t ems  wi th  low p r e s s u r e  s torage ,  f low 
shall  be  ca lcu la ted  on  the  bas is  o f  an  av e r ag e  s torage  pres -  
sure of  300 psia  (20.7 bars)  d u r i n g  discharge.  T h e  d ischarge  
ra te  for e q u i v a l e n t  orif ices shall  be  b a s e d  on  the  va lues  
g iven  in T a b l e  1-10.4 .4(b) .  D es i g n  nozz le  p r e s su re s  shall 
no t  he less t h a n  150 ps ia  (10.3 bars) .  
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1-10.5.3 For systems with high pressure storage, flow 
shall be calculated on the basis of an average storage 
pressure of 750 psia (51.7 bars) during discharge for nor- 
mal 70°F (21 °C) storage. The discharge rate through 
equivalent orifices shall be based on the values given in 
Table 1-10.4.4(c). Design nozzle pressure at 70 °F (21 °C) 
storage shall be not less than 300 psia (20.7 bars). 

1-11 Inspect ion,  Maintenance ,  and Instruction.  
1-11.1" A manufacturer's test and maintenance pro- 
cedure shall be provided to the owner for testing and main- 
tenance of the system. This procedure shall provide for the 
initial testing of the equipment as well as for periodic test 
inspection and maintenance of the system. 

1-11.2" Inspect ion and Tests.  At least annually, all 
carbon dioxide systems shall be thoroughly inspected and 
tested for proper operation by competent personnel. (See 
1-11.4.) 

1-11.2.1 The goal of this inspection and testing shall be 
not only to ensure that the system is in full operating con- 
dition, but shall indicate the probable continuance of that 
condition until the next inspection. 

1-11.2.2 Suitable discharge tests shall be made when any 
inspection indicates their advisability. 

Prior to testing, proper safety procedures shall be re- 
viewed. (See 1-6 and A-l-6.) 

1-11.2.3 An inspection report with recommendations 
shall be filed with the owner. 

1-11.2.4 Between the regular service contract inspection 
or tests, the system shall be inspected visually or otherwise 
by approved or competent personnel, following an ap- 
proved schedule. 

1-11.2.5 At least semiannually, all high pressure 
cylinders shall be weighed and the date of the last 
hydrostatic test noted (see 1-9. 5.2). If, at any time, a con- 
tainer shows a loss in net content of more than 10 percent, 
it shall be refilled or replaced. 

1-11.2.6 At least weekly the liquid level gauges of low 
pressure containers shall be observed. If at any time a con- 
tainer shows a loss of more than 10 percent, it shall be re- 
filled, unless the minimum gas requirements are still 
provided. 

1-11.2.7 All system hoses including those used as flexi- 
ble connectors shall be examined annually for damage. If 
visual examination shows any deficiency, the hose shall be 
replaced or tested as follows: 

1-11.2.7.1 All system hoses including those used as flex- 
ible connectors shall be tested at 2500 psi for high pressure 
systems, and at 900 psi for low pressure systems. 

(a) Remove the hose from any attachment. 

(b) Hoses for hand lines shall be checked for electrical 
continuity between couplings. 

(c) The hose assembly is then to be placed in a protec- 
tive enclosure designed to permit visual observation of the 
test. 

(d) The hose must be completely filled with water before 
testing. 

(e) Pressure then is applied at a rate-of-pressure rise to 
reach the test pressure within a minimum of one minute. 
The test pressure is to be maintained for one full minute. 
Observations are then made to note any distortion or 
leakage. 

(f) If the test pressure has not dropped and if the cou- 
plings have not moved, the pressure is released. The hose 
assembly is then considered to have passed the hydrostatic 
test if no permanent distortion has taken place. 

(g) Hose assembly passing the test must be completely 
dried internally. If heat is used for drying, the temperature 
must not exceed 150 o (66 °C). 

(h) Hose assemblies failing the above tests must be 
marked and destroyed. They shall be replaced with new 
assemblies. 

(i) Hose assemblies passing the test shall be suitably 
marked with the date of the test on the hose. 

1-11.2.7.2 Testing. All system hoses including those 
used as flexible connectors shall be tested every five years 
in accordance with 1-11.2.7.1. 

1-11.3 Maintenance. These systems shall be main- 
tained in full operating condition at all times. Use, impair- 
ment, and restoration of this protection shall be reported 
promptly to the authority having jurisdiction. 

1-11.3.1 Any troubles or impairments shall be corrected 
at once by competent personnel. 

1-11.4 Instruction.  All persons who may be expected 
to inspect, test, maintain, or operate carbon dioxide fire 
extinguishing systems shall be thoroughly trained and kept 
thoroughly trained in the functions they are expected to 
perform. 

Chapter 2 Total  Flooding Systems 

2-1" General Information.  
2-1.1 Description. A total flooding system consists of 
a fixed supply of carbon dioxide permanently connected 
to fixed piping, with fixed nozzles arranged to discharge 
carbon dioxide into an enclosed space or enclosure about 
the hazard. 

2-1.2 Uses. This type of system may be used where 
there is a permanent enclosure about the hazard that is 
adequate to enable the required concentration to be built 
up, and to be maintained for the required period of time 
to ensure the complete and permanent extinguishment of 
the fire in the specific combustible material or materials 
involved. 

2-1.2.1 Examples of hazards that may be successfully 
protected by total flooding systems include rooms, vaults, 
enclosed machines, ducts, ovens, containers, and the con- 
tents thereof. 
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2-1.3 General Requirements. Total flooding systems 
shall be designed, installed, tested, and maintained in ac- 
cordance with the applicable requirements in the previous 
chapter and with the additional requirements set forth in 
this chapter. 

2-1.4 Safety Requirements. Reference is made to 1-6, 
A-l-6, and 1-8.5 regarding hazards to personnel due to 
obscuration of vision and reduction of oxygen concentra- 
tion below that which will support life not only in the im- 
mediate area of discharge, but in adjacent areas to which 
gas may migrate.. 

2-2 Hazard  Specifications. 

2-2.1 Enclosure. Under this class of protection, a 
reasonably well-enclosed space is assumed in order to 
minimize the loss of the extinguishing medium. The area 
of allowable unclosable openings depends upon the type 
of combustibles involved. 

2-2.1.1 For flash or surface type fires, such as will be 
present with flammable liquids, any unclosable openings 
shall be compensated for by additional carbon dioxide as 
specified in 2-3.5.1. If the quantity of carbon dioxide re- 
quired for compensation exceeds the basic quantities re- 
quired for flooding without leakage, the system may be 
designed for local application in accordance with Chapter 3. 

2-2.1.2 For deep-seated fires, such as will be involved 
with solids, unclosable openings shall be restricted to those 
bordering or actually in the ceiling, if the size of the open- 
ings exceeds the pressure relief venting requirements set 
forth in 2-6.2.1. 

2-2.1.3 To prevent fire from spreading through open- 
ings to adjacent hazards or work areas which may be possi- 
ble reignition sources, such openings shall be provided with 
automatic closures or local application nozzles. The gas 
required for such protection shall be in addition to the nor- 
mal requirement for total flooding (see 3-4.3.6). When 
neither method is practical, protection shall be extended 
to include these adjacent hazards or work areas (see 
3-4.3.6). 

2-2.1.4 In the case of process and storage tanks where 
safe venting of flammable vapors and gases cannot be real- 
ized, the use of external local application systems outlined 
in 3-4:3.6 is required. 

2-2.2 Leakage and Ventilation. Since the efficiency of 
carbon dioxide systems depends upon the maintenance of 
an extinguishing concentration of carbon dioxide, leakage 
of gas from the space shall be kept to a minimum and com- 
pensated for by applying extra gas. 

2-2.2.1 Where possible, openings such as doorways, win- 
dows, etc., shall be arranged to close automatically before 
or simultaneously with the start of the carbon dioxide 
discharge, or 2-3.5.1 and 2-4.4.1 shall be followed. For per- 
sonnel safety, see 1-6.2. 

2-2.2.2 Where forced air ventilating systems are in- 
volved, they shall be preferably shut down or closed, or 
both, before or simultaneously with the start of the car- 

bon dioxide discharge, or additional compensating gas shall 
be provided (see 2-3.5.2). 

2-2.3" Types of Fires. Fires which can be extinguished 
by total flooding methods may be divided into two cate- 
gories: namely, (a) surface fires involving flammable liq- 
uids, gases and solids, and (b) deep-seated fires involving 
solids subject to smoldering. 

2-2.3.1 Surface fires are the most common hazard par- 
ticularly adaptable to extinguishment by total flooding 
systems. They are subject to prompt extinguishment when 
carbon dioxide is quickly introduced into the enclosure in 
sufficient quantity to overcome leakage and provide an ex- 
tinguishing concentration for the particular materials 
involved. 

2-2.3.2 For deep-seated fires, the required extinguishing 
concentration shall be maintained for a sufficient period 
of time to allow the smoldering to be extinguished and the 
material to cool to a point at which reignition will not oc- 
cur when the inert atmosphere is dissipated. In any event, 
it is necessary to inspect the hazard immediately thereafter 
to make certain that extinguishment is complete and to 
remove any material involved in the fire. 

2-3" Carbon Dioxide Requirements for Surface Fires. 

2-3.1 General. The quantity of carbon dioxide for sur- 
face type fires is based on average conditions assuming 
fairly prompt extinguishment. A reasonable allowance for 
normal leakage is included in the basic volume factors, but 
corrections shall be made for the type material involved 
and any other special conditions. 

2-3.2 Flammable Materials. Proper consideration shall 
be given to the determination of the design concentration 
of carbon dioxide required for the type of flammable 
material involved in the hazard. The design concentration 
is determined by adding a suitable factor (20 percent) to 
the minimum effective concentration. In no case shall a 
concentration less than 34 percent be used. 

2-3.2.1 Table 2-3.2.1 gives the theoretical minimum car- 
bon dioxide concentration and the suggested minimum 
design carbon dioxide concentration to prevent ignition of 
some common liquids and gases. 

2-3.2.2 For materials not given in Table 2-3.2.1, the 
minimum theoretical carbon dioxide concentration shall 
be obtained from some recognized source or determined 
by test. If maximum residual oxygen values are available, 
the theoretical carbon dioxide concentration may be cal- 
culated by the following formula: 

%C0~ = ( 2 1 - 0 ~ )  × 100 
21 

2-3.3 Volume Factor. The volume factor used to deter- 
mine the basic quantity of carbon dioxide to protect an 
enclosure containing a material requiring a design concen- 
tration of 34 percent shall be in accordance with Table 
2-3.3. 
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2-3.3.1 In figuring the net cubic capacity to be protected, 
due allowance may be made for permanent nonremovable 
impermeable structures materially reducing the volume. 

2-3.3.2 As the average small space has proportionately 
more boundary area per enclosed volume than a larger 
space, greater proportionate leakages are anticipated and 
accounted for by the graded volume factors in Table 2-3.3. 

2-3.3.3 The least gas quantities for the smallest volumes 
are tabulated in order to clarify the intent of Column B 
and thus avoid possible overlapping at borderline volumes. 

2-3.3.4 In two or more interconnected volumes where 
"free flow" of carbon dioxide can take place, the carbon 
dioxide quantity shall be the sum of the quantities calcu- 

Table 2-3.2.1 
M i n i m u m  Carbon Diox ide  Concentrat ions for Ext ingu i shment  

Material 

Theoret ica l  Minimum 
Min. CO, Design CO2 
Concen-  Concen-  

tration (%) tration (%) 

Acetylene 55 66 
Acetone 27* 34 
Aviation Gas Grades 115/145 30 36 
Benzol, Benzene 31 37 
Butadiene 34 41 
Butane 28 34 
Butane - I 31 37 
Carbon Disulfide 60 72 
Carbon Monoxide 53 64 
Coal or Natural Gas 31" 37 
Cyclopropane 31 37 
Diethyl Ether 33 40 
Dimethyl Ether 33 40 
Dowtherm 38* 46 
Ethane 33 40 
Ethyl Alcohol 36 43 
Ethyl Ether 38* 46 
Ethylene 41 49 
Ethylene Dichloride 21 34 
Ethylene Oxide 44 53 
Gasoline 28 34 
Hexane 29 35 
Higher Paraffin Hydrocarbons 

C, H2~ + 2m-  5 28 34 
Hydrogen 62 75 
Hydrogen Sulfide 30 36 
Isobutane 30* 36 
lsobutylene 26 34 
lsobutyl Formate 26 34 
JP-4 30 36 
Kerosene 28 34 
Methane 25 34 
Methyl Acetate 29 35 
Methyl Alcohol 33 40 
Methyl Butene - I 30 36 
Methyl Ethyl Ketone 33 40 
Methyl Formate 32 39 
Pentane 29 35 
Propane 30 36 
Propylene 30 36 
Quench, Lube Oils 28 34 

NOTE: The theoretical minimum extinguishing concentrations 
in air for the above materials were obtained from a compilation 
of Bureau of Mines Limits of Flammability of Gases and Vapors 
(Bulletins 503 and 627). Those marked with * were calculated from 
accepted residual oxygen values. 

lated for each volume, using its respective volume factor 
from Table 2-3.3 or 2-3.3(M). If one volume requires 
greater than normal concentration (see 2-3.4), the higher 
concentration shall be used in all interconnected volumes. 

2-3.4 Mater ial  Convers ion Factor. For materials re- 
quiring a design concentration over 34 percent, the basic 
quantity of carbon dioxide calculated from the volume fac- 
tor given in Table 2-3.3 shall be increased by multiplying 
this quantity by the appropriate conversion factor given 
in Figure 2-3.4. 

Table  2-3.3 Flooding Factors 

(C) 
(A) IB) Calculated Q u a n  

Volume of Space Volume Factor lib) 
(cu ft Incl.) (ft~/lb CO2)(lb CO2/ft ~) Not Less Than 

U p t o  140 14 .072 

141- 500 15 .067 10 

501- 1600 16 .063 35 

1601- 4500 18 .056 100 

4501-50,000 20 .050 250 

Over50,000 22 .046 2500 

Table  2-3.3(M) Flooding Factors 

(C) 
(A) (B) Calculated Quan. 

Volume of Space Volume Factor Le~Th(kg)an 
(m a Incl.) (ma/kg CO=) (kg CO#m a) Not 

Up to 3.96 0.86 1.15 

3.97- 14.15 0.93 1.0~ 4.5 

14.16- 45.28 0.99 1.01 15.1 

45.29-127.35 1.11 0.90 45.4 

127 .36 -1415 .0  1.25 0.80 113.5 

Over  1415.0 1.38 0.77 1135.0 
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Figure 2-3.4 Material  Conversion Factors. 

2-3.5 Special Conditions. Additional quantities of car- 
bon dioxide shall be provided to compensate for any special 
condition that may adversely affect the extinguishing 
efficiency. 
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2-3.5.1" Any openings that cannot be closed at the time 
of extinguishment shall be compensated for by the addi- 
tion of a quantity of carbon dioxide equal to the anticipated 
loss at the design concentration during a 1-minute period. 
This amount of carbon dioxide shall be applied through 
the regular distribution system. (See 2-2.1.1 and A-2-5.3.3. ) 

2-3.5.2 For ventilating systems which cannot be shut 
down, additional carbon dioxide shall be added to the space 
through the regular distribution system in an amount com- 
puted by dividing the volume moved during the liquid dis- 
charge period by, the flooding factor. This shall be multi- 
plied by the material conversion factor (determined in 
Figure 2-3.4) when the design concentration is greater than 
34 percent. 

2-3.5.3" For applications where the normal temperature 
of the enclosure is above 200 °F (93 °C), a 1-percent in- 
crease in the calculated total quantity of carbon dioxide 
shall be provided for each additional 5 °F ( - 15 °C) above 
200 °F (93 °C). 

Table 2-4.2.1 Flooding Factors for Specific Hazards 

Flooding Factor 
Design 
Concen- (ft3/lb mS/kg ( lb kg CO=/ Specific 
tration COz) CO, CO=/ft s) m s Hazard 

50 10 0.62 .100 1.60 

50 12 0.75 .083 1.33 
(200 Ib) (91 kg) 

minimum minimum 

65 8 0.50 .125 2.00 

75 6 0.38 .166 2.66 

Dry electrical 
hazards in 
general. 
(Spaces 
0-2000 fO) 

(Spaces 
greater than 
2000 fO) 

Record (bulk 
paper) 
storage, 
ducts, and 
covered 
trenches. 

Fur storage 
vaults, dust 
collectors. 

2-3.5.4 For applications where the normal temperature 
of the enclosure is below 0 °F ( - 18 °C), a 1-percent in- 
crease in the calculated total quantity of carbon dioxide 
shall be provided for each degree below 0 °F ( - 18 °C). 

2-3.5.5 Under normal conditions, surface fires are usu- 
ally extinguished during the discharge period. Except for 
unusual conditions, it will not be necessary to provide ex- 
tra carbon dioxide to maintain the concentration. 

2-3.5.6 A flooding factor of 8 ftVlb shall be used in ducts 
and covered trenches. If the combustibles represent a deep- 
seated fire, it shall be treated as described in Section 2-4. 

2-4 Carbon Dioxide Requirements for Deep-seated 
Fires. 
2-4.1" General.  The quantity of carbon dioxide for 
deep-seated type fires is based on fairly tight enclosures. 
After the design concentration is reached, the concentra- 
tion shall be maintained for a substantial period of time, 
but not less than 20 minutes. Any possible leakage shall 
be given special consideration since no allowance is in- 
cluded in the basic flooding factors. 

2-4.2 Combustible Materials.  For combust ib le  
materials capable of producing deep-seated fires, the re- 
quired carbon dioxide concentrations cannot be determined 
with the same accuracy possible with surface burning ma- 
terials. The extinguishing concentration will vary with the 
mass of material present because of the thermal insulating 
effects. Flooding factors have therefore been determined 
on the basis of practical test conditions. 

2-4.2.1 The design concentrations listed in Table 2-4.2.1 
shall be achieved for the hazards listed. Generally, the 
flooding factors have been found to provide proper design 
concentrations for the rooms and enclosures listed. 

2-4.2.2 Flooding factors for other deep-seated fires shall 
be justified to the satisfaction of the authority having 
jurisdiction before use. Proper consideration shall be given 

NOTE: For further information, see A-2.1. 

to the mass of material to be protected because the rate 
of cooling is reduced by the thermal insulating effects. 

2-4.3 Volume Consideration. The volume of the space 
shall be determined in accordance with 2-3.3.1. The basic 
quantity of carbon dioxide required to protect an enclosure 
shall be obtained by treating the volume of the enclosure 
by the appropriate flooding factor given in 2-4.2. 

2-4.4 Special Conditions. Additional quantities of car- 
bon dioxide shall be provided to compensate for any special 
condition that may adversely affect the extinguishing effi- 
ciency. (See 2-3.5. 2, 2-3. 5.3, and 2-3.5. 4. ) 

2-4.4.1 Any openings that cannot be closed at the time 
of extinguishment shall be compensated for by the addi- 
tion of carbon dioxide equal in volume to the expected leak- 
age volume during the extinguishing period. If  leakage is 
appreciable, consideration shall be given to an extended 
discharge system as covered in 2-5.3. (Also see 2-2.1.2.) 

2-5 Dis t r ibut ion System. 
2-5.1 General. The distribution system for applying car- 
bon dioxide to enclosed hazards shall be designed with due 
consideration for the materials involved and the nature of 
the enclosure, since these items may require various dis- 
charge times and rates of application. 

2-5.2* Rate of Application. The minimum design rate 
of application shall be based on the quantity of carbon diox- 
ide and the maximum time to achieve design concentration. 

2-5.2.1 For surface fires the design concentration shall 
be achieved within 1 minute. 

2-5.2.2 For high pressure systems, i fa  part of the hazard 
is to be protected by total flooding, the discharge rate for 
the total flooding portion shall be computed as specified 
in 3-3.2.3. 
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2-5.2.3 For deep-seated fires the design concentration 
shall be achieved within 7 minutes, but the rate shall be 
not less than that required to develop a concentration of 
30 percent in 2 minutes. 

2-5.3 Extended Rate of Application. Where leakage 
is appreciable and the design concentration must be ob- 
tained quickly and ma{ntained for an extended period of 
time, carbon dioxide provided for leakage compensation 
may be applied at a reduced rate. 

2-5.3.1 This type of system is particularly applicable to 
enclosed rotating electrical apparatus, such as generators, 
motors, and convertors, but it may also be used on ordinary 
total flooding applications where suitable. 

2-5.3.2 The minimum design concentration shall be ob- 
tained within the time limits specified in 2-5.2. 

2-5.3.3* The extended rate of discharge shall be suffi- 
cient to maintain the minimum concentration. 

2-5.3.4* For enclosed rotating electrical equipment, a 
minimum concentration of 30 percent shall be maintained 
for the deceleration period, but not less than 20 minutes. 

2-5.4 Piping Systems. Piping shall be designed in ac- 
cordance with 1-10.5 to deliver the required rate of applica- 
tion at each nozzle. 

2-5.4.1" High pressure storage temperatures may range 
from 0 °F ( -  18 °C) to 130 °F (54 °C) without requiring 
special methods of compensating for changing flow rates. 
(See 1-9.5.6.) 

2-5.5 Nozzle Sizing and Distribution. Nozzles used in 
connection with total flooding systems with either high or 
low pressure supply shall be of a type suitable for the in- 
tended purpose, and shall be located to achieve the best 
results. 

2-5.5.1 The types of nozzles selected and their placement 
shall be such that the discharge will not unduly splash flam- 
mable liquids or create dust clouds that might extend the 
fire, create an explosion, or otherwise adversely affect the 
contents of the enclosure. Nozzles vary in design and dis- 
charge characteristics and shall be selected on the basis of 
their adequacy for the use intended. 

2-5.5.2 Spacing and sizing of nozzles in ductwork is 
dependent on many factors, i.e., velocity in duct, location 
and effectiveness of dampers, possible loading of duct walls 
with combustible deposits, duct length, and cross-sectional 
dimensions. The nozzle locations and sizing shall be se- 
lected to assure distribution of the carbon dioxide through- 
out the entire length of the ductwork. Automatic dampers 
shall be provided to close on system operation. No allow- 
ance is needed for inlet and outlet duct openings having 
surface hazards only (see Table 2-4.2.1 and 2-3.5.6). 

2-6 Venting Consideration. 
2-6.1 General.  The venting of flammable vapors and 
pressure buildup from the discharge of quantities of car- 
bon dioxide into closed spaces shall be considered. Vent- 

ing of flammable vapors is covered in 2-2.1.4. The pressure 
venting consideration involves such variables as enclosure 
strength and injection rate. 

2-6.2 Pressure Relief Venting.  Porosity and leakages 
such as at doors, windows, and dampers, though not read- 
ily apparent or easily calculated, have been found to pro- 
vide sufficient relief for the normal carbon dioxide flooding 
systems without need for additional venting. Record stor- 
age rooms, refrigerated spaces, and ductwork have also 
been found to need no additional venting when tested 
under their average system conditions. 

2-6.2.1 For very tight enclosures, the area necessary for 
free venting shall be calculated from the following formula. 
Assuming the expansion of carbon dioxide to be 9 ft3/lb 
(0.56m3/kg) will give satisfactory results. 

x Q 
t.3 V~-  

where:  X = Free  v e n t i n g  a r e a  in in. 2 

Q = C a l c u l a t e d  c a r b o n  d i o x i d e  f low r a t e  in l b s / m i n .  

P = A l l o w a b l e  s t r e n g t h  o f  e n c l o s u r e  in l b s / f t  2 

For SI Uni t s  

Xu = 2 3 . 9  Qu 

X a  = F r e e  v e n t i n g  a r e a  m m  2 

QM = C a l c u l a t e d  c a r b o n  d i o x i d e  f low ra t e  in k g / m i n .  

PM = A l l o w a b l e  s t r e n g t h  of  e nc lo su r e ,  b a r s  g a g e .  

2-6.2.2 In many instances, particularly when hazardous 
materials are involved, relief openings are already provided 
for explosion venting. These and other available openings 
often provide adequate venting. 

2-6.2.3 General construction practices provide the guide 
in Table 2-6.2.3 for considering the normal strength and 
allowable pressures of average enclosures. 

Table  2-6.2.3 Strength and Al lowable  Pressures for Average 
Enclosures 

Type Construction Windage Pressure In. Water PSI Bars-Gage 

Light Building 100 MPH 25 lb/f t  2 ~ 5 .175 0 012 

Normal  Building 140 MPH 50 lb/f t  z z 10 .35 0.024 

Vault Building 200 MPH 100 Ib, ft 2 20 .70 0.04S 

V e n t i n g  sash  r e m a i n s  c losed.  

2 V e n t i n g  sash  d e s i g n e d  to o p e n  f ree ly .  

Chapter 3 Local Application Systems 

3-1" General Information. 
3-1.1 Descript ion.  A local application system consists 
of a fixed supply of carbon dioxide permanently connected 
to a system of fixed piping with nozzles arranged to dis- 
charge directly into the fire. 

1989 Edition 



LOCAL APPLICATION SYSTEMS 12-19 

3-1.2 Uses. Local application systems may be used for 
the extinguishment of surface fires in flammable liquids, 
gases, and shallow solids where the hazard is not enclosed 
or where the enclosure does not conform to the require- 
ments for total flooding. 

3-1.2.1 Examples of hazards that may be successfully 
protected by local application systems include dip tanks, 
quench tanks, spray booths, oil-filled electric transformers, 
vapor vents, etc. 

3-1.3 Genera l  R e q u i r e m e n t s .  Local applicat ion 
systems shall be.designed, installed, tested, and maintained 
in accordance with the applicable requirements in pr6vious 
chapters and with the additional requirements set forth in 
this chapter. 

3-1.4 Safety Requirements .  Reference is made to I-6, 
I-8.5, and A-l-6 regarding hazards to personnel due to 
obscuration of vision and reduction of oxygen concentra- 
tion below that which will support life, not only in the im- 
mediate area of discharge but in adjacent areas to which 
gas may migrate. 

3-2 Hazard  Specif ications.  
3-2.1 Extent of Hazard.  The hazard shall be so isolated 
from other hazards or combustibles that fire will not spread 
outside the protected area. The entire hazard shall be pro- 
tected. The hazard shall include all areas that are, or may 
become, coated by combustible liquids or shallow solid 
coatings; such as areas subject to spillage, leakage, drip- 
ping, splashing, or condensation, and all associated 
materials or equipment; such as freshly coated stock, drain 
boards, hoods, ducts, etc., that might extend fire outside 
or lead fire into the protected area. 

3-2.1.1 A series of interexposed hazards may be sub- 
divided into smaller groups or sections with the approval 
of the authority having jurisdiction. Systems for such" 
hazards shall be designed to give immediate independent 
protection to adjacent groups or sections as needed. 

3-2.2 Location of  Hazard.  The hazard may be indoors, 
partly sheltered or completely out of doors. It is essential 
that the carbon dioxide discharge shall be such that winds 
or strong air currents do not impair the protection. 

3-3 Carbon D iox ide  Requirements .  

3-3.1" General.  The quantity of carbon dioxide re- 
quired for local application systems shall be based on the 
total rate of discharge needed to blanket the area or volume 
protected and the time that the discharge must be main- 
tained to assure complete extinguishment. 

3-3.1.1" For systems with high pressure storage, the 
computed quantity of carbon dioxide shall be increased by 
40 percent to determine nominal cylinder storage capac- 
ity since only the liquid portion of the discharge is effec- 
tive. This increase in cylinder storage capacity is not re- 
quired for the total flooding portion of combined local 
application-total flooding systems. 

3-3.1.2" The quantity of carbon dioxide in storage shall 
be increased by an amount sufficient to compensate for 
liquid vaporized in cooling the piping. 

3-3.2 Rate of Discharge. Nozzle discharge rates shall 
be determined by either the surface method or the volume 
method as covered in Sections 3-4 and 3-5. 

3-3.2.1 The total rate of discharge for the system shall 
be the sum of the individual rates of all the nozzles or 
discharge devices used on the system. 

3-3.2.2 For low pressure systems, if a part of the hazard 
is to be protected by total flooding, the discharge rate for 
the total flooding part shall be sufficient to develop the re- 
quired concentration in not more than the discharge time 
used for the local application part of the system. 

3-3.2.3 For high pressure systems, i fa  part of the hazard 
is to be protected by total flooding, the discharge rate for 
the total flooding part shall be computed by dividing the 
quantity required for total flooding by the factor 1.4 and 
by the time of the local application discharge in minutes. 

QI = Wg 
1.4 TL 

Where: QF = Rate of flow for the total flooding portion 
in lbs/min (kg/min) 

Wr = Total quantity of carbon dioxide for the 
total flooding portion in pounds (kg) 

TL == Liquid discharge time for the local appli- 
cauon portion in minutes 

3-3.3" Durat ion of  Discharge. The minimum effective 
discharge time for computing quantity shall be 30 seconds. 
The minimum time shall be increased to compensate for 
any hazard condition that would require a longer cooling 
period to assure complete extinguishment. 

3-3.3.1 Where there is a possibility that metal or other 
material may become heated above the ignition tempera- 
ture of the fuel, the effective discharge time shall be in- 
creased to allow adequate cooling time. 

3-3.3.2* Where the fuel has an autoignition point below 
its boiling point, such as paraffin wax and cooking oils, 
the effective discharge time shall be increased to permit 
cooling of the fuel to prevent reignition. The minimum 
discharge time shall be 3 minutes. 

3-4 Rate by  Area Method .  
3-4.1 General.  The area method of system design is 
used where the fire hazard consists primarily of flat sur- 
faces or low-level objects associated with horizontal 
surfaces. 

3-4.1.1 System design shall be based on listing or ap- 
proval data for individual nozzles. Extrapolation of such 
data above or below the upper or lower limits shall not be 
permitted. 

3-4.2 Nozz l e  Discharge Rates. The design discharge 
rate through individual nozzles shall be determined on the 
basis of location or projection distance in accordance with 
specific approvals or listings. 

3-4.2.1" The discharge rate for overhead type nozzles 
shall be determined solely on the basis of distance from 
the surface each nozzle protects. 
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3-4.2.2"  The discharge rate for tankside nozzles shall be 
determined solely on the basis of throw or projection re- 
quired to cover the surface each nozzle protects. 

3-4.3 Area per Nozzle .  The max imum area protected 
by each nozzle shall be determined on the basis of loca- 
tion or projection distance and the design discharge rate 
in accordance with specific approvals or listings. 

3-4.3 .1  The same factors used to determine the design 
discharge rate shall be used to determine the max imum 
area to be protected by each nozzle. 

3-4.3.2 The portion of the hazard protected by individual 
overhead type nozzles shall be considered as a square area. 

3-4.3.3 The portion of the hazard protected by individual 
tankside or linear nozzles may  be either a rectangular or 
a square area in accordance with spacing and discharge 
limitations stated in specific approvals or listings. 

3-4 .3 .4  When  coated rollers or other similar irregular 
shapes are to be protected, the projected wetted area may 
be used to determine nozzle coverage. 

3-4.3 .5  Where  coated surfaces are to be protected, the 
area per nozzle may be increased by 40 percent over the 
areas given in specific approvals or listings. Coated sur- 
faces are defined as those designed for drainage which are 
constructed and maintained so that no pools of liquid will 
accumulate over a total area exceeding 10 percent of the 
protected surface. This subsection does not apply where 
there is a heavy buildup of residue. (See 3-1.2.) 

3-4.3.6 Where local application nozzles are used for pro- 
tection across openings as defined in 2-2.1.3 and 2-2.1.4, 
the area per nozzle given by specific approval or listing may 
be increased 20 percent. 

3 -4 .3 .7  When  deep layer flammable liquid fires are to 
be protected, a minimum freeboard of 6 in. (152 mm) shall 
be provided unless otherwise noted in approvals or listings 
of nozzles. 

3-4.4  Locat ion  and Number  of  Nozzles .  A sufficient 
number  of nozzles shall be used to adequately cover the 
entire hazard area on the basis of the unit areas protected 
by each nozzle. 

3-4.4 .1  Tankside or linear type nozzles shall be located 
in accordance with spacing and discharge rate limitations 
stated in specific approvals or listings. 

3-4.4.2 Overhead type nozzles shallbe installed perpen- 
dicular to the hazard and centered over the area protected 
by the nozzle. They may also be installed at angles between 
45 degrees and 90 degrees from the plane of the hazard 
surface as prescribed in 3-4.4.3. The height used in deter- 
mining the necessary flow rate and area coverage shall be 
the distance from the aiming point on the protected sur- 
face to the face of the nozzle measured along the axis of 
the nozzle. 

3-4.4 .3  When  installed at an angle, nozzles shall be 
aimed at a point measured from the near side of the area 

protected by the nozzle, the location of which is calculated 
by multiplying the fractional aiming factor in Table 3-4.4.3 
by the width of  the area protected by the nozzle. 

Table  3-4.4.3 Aiming  Factors for A n g u l a r  Placement  of Nozzles, 
Based on 6-in. (152-mm) Freeboard 

Discharge Anglo Aiming Factor 2 
45-60 ° 
60-75 ~_a/~ 
75-90 ~ - ~  
90 (perpendicular) ~ (center) 

'Degrees from plane of hazard surface.  
ZFractional amount  of nozzle  coverage area. 

3-4.4 .4  Nozzles shall be located so as to be free of possi- 
ble obstructions that could interfere with the proper pro- 
jection of the discharged carbon dioxide. 

3-4.4.5 Nozzles shall be located so as to develop an extin- 
guishing atmosphere over coated stock extending above a 
protected surface. Additional nozzles may be required for 
this specific purpose, particularly if stock extends more than 
2 ft (0.6 m) above a protected surface. 

3-4 .4 .6  The possible effects of  air currents, winds, and 
forced drafts shall be compensated for by properly locating 
nozzles or by providing additional nozzles to adequately 
protect the outside areas of the hazard. 

3-5 Rate by Vo lume  Method.  
3-5.1 General .  The volume method of system design is 
used where the fire hazard consists of three-dimensional 
irregular objects that cannot be easily reduced to equivalent 
surface areas. 

3-5.2 Assumed Enclosure.  The total discharge rate of 
the system shall be based on the volume of an assumed 
enclosure entirely surrounding the hazard. 

3-5.2 .1  The assumed enclosure shall be based on an ac- 
tual closed floor unless special provisions are made to take 
care of bot tom conditions. 

3-5 .2 .2  The assumed walls and ceiling of this enclosure 
shall be at least 2 ft (0.6 m) from the main hazard unless 
actual walls are involved and shall enclose all areas of possi- 
ble leakage, splashing or spillage. 

3-5.2 .3  No deductions shall be mad~ for solid objects 
within this volume. 

3-5 .2 .4  A min imum dimension of 4 ft (1.2 m) shall be 
used in calculating the volume of  the assumed enclosure. 

3-5.2.5 If  the hazard may be subjected to winds or forced 
drafts, the assumed volume shall be increased to compen- 
sate for losses on the windward sides. 

3-5.3 System Discharge Rate. The total discharge rate 
for the basic system shall be equal to 1 lb/min/ft 3 
(16kg/min/m 3) of assumed volume. 
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3-5.3.1" If the assumed enclosure has a closed floor and 
is partly defined by permanent continuous walls extending 
at least 2 ft (0.6 m) above the hazard (where the walls are 
not normally a part of the hazard), the discharge rate may 
be proportionately reduced to not less than 0.25 lb/min/ft 3 
(4kg/min/m 3) for actual walls completely surrounding the 
enclosure. 

3-5.4 Location and Number of Nozzles. A sufficient 
number of nozzles shall be used to adequately cover the 
entire hazard volume on the basis of the system discharge 
rate as determined by the assumed volume. 

3-5.4.1 Nozzles shall be located and directed so as to re- 
tain the discharged carbon dioxide in the hazard volume 
by suitable cooperation between nozzles and objects in the 
hazard volume. 

3-5.4.2 Nozzles shall be located so as to compensate for 
any possible effects of air currents, winds, or forced drafts. 

3-5.4.3 The design discharge rates through individual 
nozzles shall be determined on the basis of location or pro- 
jection distance in accordance with specific approvals or 
listings for surface fires. 

3-5.4.4 Special purpose nozzles may have discharge rates 
based on other factors. 

Chapter 4 Hand Hose Line Systems 

4-1 General Information. 
4-1.1 Description. Hand hose line systems consist of a 
hose reel or rack, hose, and discharge nozzle assembly con- 
nected by fixed piping to a supply of carbon dioxide. A 
separate carbon dioxide supply can be provided for hand 
hose line use or carbon dioxide can be piped from a cen- 
tral storage unit which may be supplying several hose lines 
or fixed manual or automatic systems. (See 1-9.1.1.) 

4-1.2 Uses. Hand hose line systems may be used to sup- 
plement fixed fire protection systems or to supplement first 
aid fire extinguishers for the protection of specific hazards 
for which carbon dioxide is a suitable extinguishing agent. 
These systems shall not be used as a substitute for other 
fixed carbon dioxide fire extinguishing systems equipped 
with fixed nozzles, except where the hazard cannot ade- 
quately or economically be provided with fixed protection. 
The decision as to whether hose lines are applicable to the 
particular hazard shall rest with the authority having 
jurisdiction. 

4-1.3 General Requirements. Hand hose line systems 
shall be installed and maintained in accordance with the 
applicable requirements of Chapters 1, 2, and 3, except 
as outlined below. 

3-6 Distribution System. 
3-6.1 General. The system shall be designed to provide 
an effective discharge of carbon dioxide promptly before 
excessive amounts of heat can be absorbed by materials 
within the hazard. 

3-6.1.1 The carbon dioxide supply shall be located as 
near to the hazard as practicable and yet not exposed to 
the fire, and the pipe line shall be as direct as practicable 
with a minimum number of turns in order to get carbon 
dioxide to the fire promptly. 

3-6.1.2 The system shall be designed for automatic 
operation except where the authorities having jurisdiction 
permit manual operation. 

3-6.2 Piping Systems. Piping shall be designed in ac- 
cordance with 1-10.6 to deliver the required rate of applica- 
tion at each nozzle. 

3-6.2.1" High pressure storage temperatures may range 
from 32 °F to 120 °F (0 °C to 67 °C) without requiring 
special methods of compensating for changing flow rates. 

3-6.3 Discharge Nozzles. The nozzles used shall be 
listed or approved for rate of discharge, effective range, 
and pattern or area coverage. 

3-6.3.1 The equivalent orifice size used in each nozzle 
shall be determined in accordance with 1-10.5 to match 
the design discharge rate. 

3-6.3.2 Nozzles shall be accurately located and directed 
in accordance with the system design requirements as 
covered in Sections 3-4 and 3-5. 

4-1.4 Safety Requirements. Reference is made to 1-6.2 
and A-1-6.2 regarding hazards to personnel due to obscura- 
tion of vision and reduction of oxygen concentration below 
that which will support life, not only in the immediate area 
of discharge but in adjacent areas to which gas may 
migrate. 

4-2 Hazard Specifications. 
4-2.1 Hand hose line systems may be used to combat 
fires in all hazards covered under Chapter 1, except those 
which are inaccessible and beyond the scope of manual fire 
fighting. 

4-3 Location and Spacing. 
4-3.1 Hand hose line stations shall be placed such that 
they are easily accessible and within reach of the most dis- 
tant hazard which they are expected to protect. In general, 
they shall not be located such that they are exposed to the 
hazard nor shall they be located inside any hazard area 
protected by a total flooding system. 

4-3.2 Spacing. If  multiple hose stations are used, they 
shall be spaced so that any area within the hazard may be 
covered by one or more hose lines. 

4-4 Carbon Dioxide Requirements. 
4-4.1 Rate and Duration of Discharge. The rate and 
duration of discharge and consequently the amount of car- 
bon dioxide shall be determined by the type and potential 
size of the hazard. A hand hose line shall have a sufficient 
quantity of carbon dioxide to permit its use for at least 
1 minute. 

4-4.2 Provision for Use by Inexperienced Personnel. 
The possibility of these hose lines being used by inexperi- 
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enced personnel shall be considered and adequate provi- 
sion made so that there will be a sufficient supply of car- 
bon dioxide to enable them to effect extinguishment of the 
hazards that they are likely to encounter. 

4-4.3 Where simultaneous use of two or more hose lines 
is possible, a sufficient quantity of carbon dioxide shall be 
available to support the maximum number of nozzles that 
are likely to be used at any one time for at least one minute. 
All supply piping shall be sized for the simultaneous opera- 
tion of the number of nozzles that are likely to be used. 

4-5 Equipment Specifications. 
4-5.1 Hose. Hose lines on systems with high pressure 
supply shall have a minimum bursting pressure of 5000 
psi (344.8 bars) and hose lines of systems with low pressure 
supply shall have a minimum bursting pressure of 1800 
psi (124.1 bars). (See 1-11.2.7.) 

4-5.2 Discharge Nozzle Assembly. Hose lines shall be 
equipped with a discharge nozzle assembly which can be 
easily handled by one man and which contains a quick- 
opening shutoff valve to control the flow of carbon diox- 
ide through the nozzle and a suitable handle for directing 
the discharge. The attachment of the discharge nozzle 
assembly to the hose by means of a swivel connection is 
desirable for providing more ease of manipulation. 

4-5.3 Hose Line Storage. The hose shall be coiled on 
a hose reel or rack such that it will be ready for immediate 
use without the necessity of coupling, and such that it may 
be uncoiled with a minimum of delay. If installed outdoors, 
it shall be protected against the weather. 

4-5.4 Charging the Hose Line. Operation of hand hose 
line systems depends upon manual actuation and manual 
manipulation of a discharge nozzle. Speed and simplicity 
of operation are therefore essential for successful 
extinguishment. 

4-5.4.1 All controls for actuating the system shall be 
located in the immediate vicinity of the hose reel. 

4-5.4.2 The carbon dioxide supply shall be located as 
close to the hose reel as possible so that liquid carbon diox- 
ide will be supplied to the hose line with a minimum of 
delay after actuation. 

NOTE: Bleeder valves or similar devices may be utilized to 
reduce delay in obtaining liquid discharge on low pressure systems. 

4-5.4.3 Except when in actual use, pressure shall not be 
permitted to remain in the hose line. 

4-6 Tra in ing .  Successful extinguishment of fire with 
hand hose lines is greatly dependent upon the individual 
ability and technique of the operator. All personnel who 
are likely to use this equipment at the time of a fire shall 
be properly trained in its operation and in the fire fighting 
techniques applicable to this equipment. 

Chapter 5 Standpipe Systems and Mobile Supply 

5-1 General Information. 
5-1.1 Descript ion.  A standpipe system is a fixed total 
flooding, local application, or hand hose line system with- 
out a permanently connected carbon dioxide supply. The 
carbon dioxide supply is mounted on a mobile vehicle 
which can be towed or driven to the scene of a fire and 
quickly coupled to the standpipe system protecting the in- 
volved hazard. Mobile supply is primarily fire brigade or 
fire department equipment requiring trained personnel for 
effective use. 

5-1.2 Uses. Standpipe systems and mobile supply may 
be used to supplement complete fixed fire protection sys- 
tems or may be used alone for the protection of the specific 
hazards outlined below. Mobile supply may be used as a 
reserve to supplement a fixed supply. Mobile supply may 
also be outfitted with hand hose lines for the protection of 
scattered hazards. These systems shall be installed only 
with the approval of the authority having jurisdiction. 

5-1.3 General Requirements. Standpipe systems and 
mobile supply shall be installed and maintained in accor- 
dance with the requirements in Chapters 1, 2, 3, and 4, 
in addition to those outlined below. Piping shall be installed 
in accordance with the requirements applicable for the sys- 
tem if a permanendy connected supply is used. Appreciable 
lengths of piping on the portable supply shall be taken into 
account. 

5-2 Hazard Specifications. 
5-2.1 Standpipe systems and mobile supply may be used 
to protect hazards included in Chapters 1, 2, 3, and 4, 
where extinguishment will not be adversely affected by the 
delay in obtaining effective discharge of carbon dioxide 
while the mobile supply is being brought to the scene and 
coupled to the standpipe system. 

5-3 Standpipe Requirements. 
5-3.1 The supply piping of standpipe systems shall be 
equipped with quick-change couplings and shall terminate 
in an easily accessible and well-marked location for con- 
nection to the mobile supply. This location shall also be 
marked with the amount of carbon dioxide required and 
the required duration of discharge. 

5-4 Mobile Supply Requirements. 
5-4.1 Capacity. The mobile supply shall have a capacity 
in accordance with the provisions of Chapters 1, 2, 3, and 
4. Extra quantities may be required to compensate for delay 
in getting the mobile supply to the hazard. 

5-4.2 Coupling.  The mobile supply shall be provided 
with suitable means for transferring carbon dioxide into 
the standpipe system. Quick-change couplings shall be pro- 
vided to permit these connections to be made as rapidly 
as possible. 

5-4.3 Mobili ty.  The storage container or containers of 
carbon dioxide shall be mounted on a movable vehicle 
which may be brought to the scene of the fire by manual 
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means, by a separate motor vehicle, or under its own 
power. The means of transporting the mobile supply shall 
be dependable and capable of getting to the fire with a 
minimum of delay. 

5-4.4 Location. The mobile supply shall be kept close 
at hand to the hazards it is intended to protect in order 
that fire extinguishment may be started as soon as possi- 
ble after the fire breaks out. 

5-4.5 Accessories. Mobile supply for standpipe systems 
may be provided with hand hose lines as accessory equip- 
ment for the profection of small scattered hazards, or as 
a supplement to standpipe systems or other fixed 
protection. 

5-5 Training.  The effectiveness of fire protection pro- 
vided by standpipe systems and mobile supply depends 
upon the efficiency and ability of the manpower which 
handles the mobile supply. It is therefore imperative that 
those persons assigned to the units shall be properly trained 
in its use and maintenance. Generally, this equipment is 
in the category of fire brigade or fire department equip- 
ment requiring a regularly assigned crew. 

Chapter 6 Referenced Publicat ions 

6-1 The following documents or portions thereof are 
referenced within this standard and shall be considered part 
of the requirements of this document. The edition indicated 
for each reference is the current edition as of the date of 
the NFPA issuance of this document. 

6-1.1 NFPA Publications. National Fire Protection 
Association, Batterymarch Park, Quincy, MA 02269. 

NFPA 70-1987, National Electrical Code 
NFPA 71-1987, Standard for the Installation, Maintenance, 

and Use of Central Station Signaling Systems 
NFPA 72A-1987, Standard for the Installation, Maintenance, 

and Use of Local Protective Signaling Systems for Guard's Tour, 
Fire Alarm, and Supervisory Service 

NFPA 72C o 1986, Standard for the Installation, Maintenance, 
and Use of Remote Station Protective Signaling Systems 

NFPA 72D-1986, Standard for the Installation, Maintenance, 
and Use of Proprietary Protective Signaling Systems. 

6-1.2 Other Publications.  
6-1.2.1 A S T M  Publications.  American Society for 
Testing and Materials, 1916 Race Street, Philadelphia, PA 
19103. 

ASTM A53-1982, Specifications for Welded and Seamless Pipe 
ASTM A 106-1982, Specifications for Seamless Carbon Steel 

Pipe for High- Temperature Service 
ASTM E380-1986, Standard for Metric Practice. 

6-1.2.2 ASME Publicat ion.  American Society of 
Mechanical Engineers, East 47th Street, New York, NY 
10017. 

ASME, API-ASME, Code for Unfired Pressure Vessels for 
Petroleum Liquids and Gases. 

6-1.2.3 US Government  Publicat ions.  US Govern- 
ment Printing Office, Washington, DC 20401. 

DOT, Title 49, Transportation, Code of Federal Regulations, 
Parts 171-190 (DOT) 

Bureau of Mines 627-1962. 

6-1.2 .4  ANSI Publicat ion.  American National Stan- 
dards Institute, Inc., 1430 Broadway, New York, NY 
10018. 

ANSI B-31.1-1980, Power Piping Code. 

Appendix A 

This Appendix is not a part of the requirements of th~s NFPA document but, is included 
for information purposes only. 

The following notes, bearing the same number as the 
text of the Standard on Carbon Dioxide Extinguishing Systems 
to which they apply, contain useful explanatory material 
and references to standards. 

A-1-5.2 Carbon Dioxide. Carbon dioxide is a standard 
commercial product with many uses. It is perhaps most 
familiar as the gas that gives the "tingle" in soda pop and 
other carbonated beverages. In other industrial applica- 
tions it may be used for its chemical properties, for its 
mechanical properties as a pressurizing agent, or for its 
refrigerating properties as dry ice. 

For fire extinguishing applications, carbon dioxide has 
a number of desirable properties. It is noncorrosive, non- 
damaging and leaves no residue to clean up after the fire. 
It provides its own pressure for discharge through pipes 
and nozzles. Since it is a gas, it will penetrate and spread 
to all parts of a hazard. It will not conduct electricity and 
can therefore be used on live electrical hazards. It can be 
effectively used on practically all combustible materials ex- 
cept for a few active metals and metal hydrides, and 
materials such as cellulose nitrate, which contain available 
oxygen. 

Under normal conditions carbon dioxide is an odorless, 
colorless gas with a density about 50 percent greater than 
the density of air. Many people insist they can detect an 
odor of carbon dioxide, but this may be due to impurities 
or chemical effects in the nostrils. Carbon dioxide is easily 
liquefied by compression and cooling. By further cooling 
and expansion it can be converted to the solid state. 

The relationship between the temperature and the 
pressure of liquid carbon dioxide is shown on the curve 
given in Figure A-1-5.2. It will be noted that as the tem- 
perature of the liquid increases, the pressure also increases. 
As the pressure increases, the density of the vapor over the 
liquid increases. On the other hand, the liquid expands 
as the temperature goes up and its density decreases. At 
87.8 °F (31 °C) the liquid and vapor have the same den- 
sity, and of course the liquid phase disappears. This is 
called the critical temperature for carbon dioxide. 
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Figure A-1-5.2 Variation of Pressure of Carbon Dioxide with 
Change in Temperature (Constant Volume). Below the critical 
temperature (87.8 °F) (31 °C), c a r b o n  d i o x i d e  in a closed container 

is part liquid and part gas. Above the critical temperature it is 
entirely gas. 

An unusual property of carbon dioxide is the fact that 
it cannot exist as a liquid at pressures below 60 psi gauge 
[75 psi absolute (5.2 bars)]. This is the triple point pressure 
where carbon dioxide may  be present as a solid, liquid, 
or vapor. Below this pressure it must be either a solid or 
gas, depending on the temperature.  

If  the pressure in a storage container is reduced by 
bleeding off vapor, some of the liquid will vaporize and 
the remaining liquid will become colder. At 60 psi [75 psi 
absolute (5.2 bars)] the remaining liquid will be converted 
to dry ice at a temperature of - 69 °F ( - 56 °C). Further  
reduction in the pressure to atmospheric will lower the 
temperature of the dry ice to the normal  - 1 1 0 ° F  
( - 79 °C). 

The  same process takes place when discharging liquid 
carbon dioxide to the atmosphere. A large portion of the 
liquid flashes to vapor with a considerable increase in 
volume. The rest is converted to finely divided particles 
of dry ice at - 110 °F ( - 79 °C). It is this dry ice or snow 
that gives the discharge its typical white cloudy appearance. 
The low temperature also causes the condensation of  water 
from the entrained air so that ordinary water fog tends to 
persist for a while after the dry ice has evaporated. 

A-1-5.3.4 While carbon dioxide will not extinguish these 
fires, it will not react dangerously with these materials or 
increase their burning rate. Carbon dioxide, if used in this 
type of situation in a total flooding system, will provide 
protection for adjacent combustibles or can be successfully 
used if the reactive metals or hydride are first covered by 
another material. Examples of this later condition would 
be: 

(a) Sodium stored or used under kerosene 

(b) Cellulose nitrate in solution of lacquer thinner 

(c) Magnes ium chips covered with heavy oil. 

Local application systems with attendant high velocity 
directed discharge should not be used. 

A- l -6  Safety Requi rements .  The steps and safeguards 
necessary to prevent injury or death to personnel in areas 
whose atmospheres will be made hazardous by the dis- 
charge of carbon dioxide may include the following: 

(a) Provision of adequate aisleways and routes of exit 
and keeping them clear at all times. 

(b) Provision of the necessary additional or emergency 
lighting, or both, and directional signs to ensure quick, safe 
evacuation. 

(c) Provision of  alarms within such areas that will 
operate immediately upon activation of the system on de- 
tection of the fire, with the discharge of the carbon diox- 
ide and the activation of  automatic door closures delayed 
for sufficient time to evacuate the area before discharge 
begins. 

(d) Provision of only outward swinging, self-closing 
doors at exits from hazardous areas, and where such doors 
are latched, provision of panic hardware. 

(e) Provision of continuous alarms at entrances to such 
areas until atmosphere has been restored to normal.  

(f) Provision for adding an odor to the carbon dioxide 
so that hazardous atmospheres in such areas may be 
recognized. 

(g) Provision of  warning and instruction signs at en- 
trances to and inside such areas. 

(h) Provision for prompt  discovery and rescue of per- 
sons rendered unconscious in such areas. This may be ac- 
complished by having such areas searched immediately 
after carbon dioxide discharge stops by trained personnel 
equipped with proper breathing equipment.  Those 
rendered unconscious by carbon dioxide can be restored 
without permanent  injury by artificial respiration, if re- 
moved quickly from the hazardous atmosphere. Self- 
contained breathing equipment  and personnel trained in 
its use, and in rescue practices including artificial respira- 
tion, should be readily available. 

(i) Provision of instruction and drills of all personnel 
within or in the vicinity of such areas, including mainte- 
nance or construction people who may be brought  into the 
area, to ensure their correct action when carbon dioxide 
protective equipment  operates. 

(j) Provision of means for prompt  vqntilation of such 
areas. Forced ventilation will often be necessary. Care 
should be taken to really dissipate hazardous atmospheres 
and not merely move them to another location. Carbon  
dioxide is heavier than air. 

(k) Provision of  such other steps and safeguards 
necessary to prevent injury or death as indicated by a 
careful study of  each particular situation. 

A-1-7.3  Where  piping is not normally under  pressure, 
it may  not be bubbletight. However,  where a slow 
discharge is involved, or if under  continual pressure, bub- 
bletightness should be a requirement. It is anticipated that 
full discharge tests will be waived by the authority having 
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jurisdiction only under extremely unusual conditions. Fac- 
tors such as extra cost, interruptions to production, or 
business operations are not considered to be valid reasons 
for waiver of full discharge tests. 

A-1-8.2.2 For additional information on detectors refer 
to NFPA 72E, Standard on Automatic Fire Detectors. 

A-1-8.3.6 It is not the intent of this standard to prohibit 
the use of more pilot cylinders than the minimum number  
required in this paragraph. 

A suggested method of cylinder arrangement for three 
or more cylinders is to locate a slave cylinder at the farthest 
point (No. 1 position) from the manifold outlet, and the 
two or more pilot cylinders located in the next two or more 
positions (Nos. 2, 3, etc.) numbering toward the manifold 
outlet. Actuation of the remaining pilot cylinder(s) should 
provide sufficient pressure in the manifold to actuate the 
slave cylinders and all other pressure actuated devices and 
interlocks. 

A-1-8.5.2 Alarm(s) should be connected to existing pro- 
tective signaling (fire alarm) system(s) to aid life safety and 
property protection as outlined in NFPA 71, Standard for 
the Installation, Maintenance, and Use of Central Station Signal- 
ing Systems; NFPA 72A, Standard for the Installation, Mainte- 
nance, and Use of Local Protective Signaling Systems for Guard's 
Tour, Fire Alarm, and Supervisory Service; NFPA 72B, Stan- 
dard for the Installation, Maintenance, and Use of Auxiliary Pro- 
tective Signaling Systems; NFPA 72C, Standard for the Installa- 
tion, Maintenance, and Use of Remote Station Protective Signal- 
ing Systems; NFPA 72D, Standard for the Installation, Mainte- 
nance, and Use of Proprietary Protective Signaling Systems; and 
NFPA 101 ~, Life Safety Cod~ 

A-1-8.6 See NFPA 72A, Standard for the Installation, Main- 
tenance, and Use of Local Protective Signaling Systems for Guard's 
Tour, Fire Alarm, and Supervisory Service, paragraph 2-3.4, 
for typical examples of standby power. 

A-l-9.1 Not all of the carbon dioxide in the low pressure 
container can be rapidly discharged. As the storage con- 
tainer becomes empty a quantity of cold carbon dioxide 
vapor will remain in the container. The quantity of this 
residual vapor will vary depending on the physical con- 
figuration of the container. This residual vapor should be 
considered in determining the storage capacity. 

A-1-9.2 Carbon  Dioxide Qual i ty .  Carbon dioxide, as 
normally manufactured, is an extremely pure product. In 
general, the industry produces only one grade or quality. 
This grade is considered suitable for all applications, in- 
eluding food and medical uses. 

Dry carbon dioxide gas or liquid is completely noncor- 
rosive to the containers. Carbon dioxide containing excess 
water may cause some corrosion in high pressure cylinders, 
particularly in the lightweight cylinders that are highly 
stressed. Excess water is present when the amount exceeds 
the normal solubility in liquid carbon dioxide, so that ac- 
tual water may condense out on the walls of the container. 

Carbon dioxide produced in modern low pressure plants 
must necessarily have a very low water content to avoid 
operating difficulties. The normal practice is to maintain 
the water content below about 0.01 percent by weight. I f  

this dr)i product is stored and transported in clean bulk 
low pressure equipment, the quality will be maintained un- 
til it is used. 

Dry ice normally contains more water and oil than does 
liquid carbon dioxide. It also tends to freeze moisture and 
other impurities from the atmosphere, because of its very 
low temperature of - i 1 0  °F ( - 7 9  °C). When dry ice is 
placed in a converter and allowed to warm up so that it 
becomes liquid carbon dioxide, the liquid so produced will 
obviously contain an excess amount of water. This liquid 
should not be used to charge fire extinguishing cylinders, 
unless it is further processed through a dehydrating unit 
to remove the excess water. It should also be noted that 
such dehydrating units may become ineffective unless the 
drying agent is renewed or reactivated as necessary to 
maintain its drying ability. 

There are still a few high pressure carbon dioxide pro- 
duction plants in service. The carbon dioxide produced in 
these plants may also contain excess water, unless the 
dehydrating equipment is kept in good condition. The only 
positive way to be assured of proper quality is to periodi- 
cally analyze the carbon dioxide supply used for charging 
fire protection systems. 

A-1-9.5 High Pressure Storage Containers. In high 
pressure storage systems the temperature of the contained 
carbon dioxide will depend on the ambient temperature 
at the storage location. The containers must therefore be 
capable of withstanding the pressures developed at the 
highest expected temperature. 

The maximum pressure in the cylinder is also affected 
by the filling density or percent filling. This is the ratio 
expressed in percent of the carbon dioxide weight to the 
water capacity in pounds. The filling density commonly 
used is between 60 and 68 percent, the latter being the max- 
imum allowed by the US Department  of Transportation.l  
Proper filling is determined by weight stamped on the valve 
body. 

Figure A-1-9.5 A Typical High Pressure Storage Facility. 

iSec. 173.308 of Title 49, Transportation, Code of Federal Regula- 
tions. Parts 171-190 (DOT). Available from the Superintendent of 
Documents, US Government Printing Office, Washington, DC 20401. 
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12-26 CARBON DIOXIDE EXTINGUISHING SYSTEMS 

A typical high pressure storage facility using a number 
of cylinders is shown in Figure A-1-9.5. Flexible connec- 
tors are used between each cylinder and the common mani- 
fold. This is to facilitate the problem of check-weighing 
cylinders and replacing cylinders after use. Each cylinder 
is provided with its own valve with a dip tube extending 
to the bottom. Some older types of cylinders do not have 
dip tubes and are installed upside down to ensure discharge 
of liquid carbon dioxide. 

A-1-9.6 Low Pressure Storage Containers. In low 
pressure storage systems the temperature of the contained 
carbon dioxide is controlled at about 0 °F ( -  18 °C) by 
means of insulation and refrigeration. The normal pressure 
is thus maintained at about 300 psi (90.7 bars). Welded 
pressure vessels are used for this service, and there is no 
special limitation so far as size is concerned. 

The filling density will have no effect on the pressure 
so long as there is sufficient vapor space to allow for ex- 
pansion of the liquid at the maximum storage temperature 
and pressure. This would be determined by the setting or 
the pressure relief valves. In general, the filling density may 
range from 90 to 95 percent. The maximum liquid level 
is controlled, when filling, by means of a short dip tube 
which returns excess liquid to the delivery unit when the 
liquid reaches the maximum filling level in the storage unit. 
A liquid level gage is also provided to indicate the quan- 
tity of carbon dioxide in storage. 

F i g u r e  A-1 -9 .6  A Typical Low Pressure Storage Facility. 

A typical low pressure storage facility is shown in Figure 
A-1-9.6. In this unit the insulated pressure vessel is covered 
with an outer metal housing which is sealed to keep out 
water moisture. A standard air-cooled refrigeration unit 
is mounted at one end, with its cooling coils mounted 
within the pressure vessel. This unit is electrically powered 
and automatically controlled by means of a pressure switch. 

A-1-9.6.2 A special relief valve (in addition to code re- 
quirements) may be provided for controlled bleed-off at 
a pressure below the setting of the main safety valve. 

A-I-IO.1.1 The use of flexible piping or hoses in a car- 
bon dioxide system introduces a number of things to be 

considered that do not afli~ct rigid piping. One of these is 
the nature of any changes of direction. The minimum 
radius of curvature for any flexible hose to be used in a 
carbon dioxide system should not be less than indicated 
by the manufacturer's data, usually shown in the listing 
information for a particular system. Other areas of con- 
cern are resistance to the effects of vibration, flexure, ten- 
sion, torsion, temperature, flame, compression, and bend- 
ing. It is also necessary for the hose to have the strength 
to contain the carbon dioxide during discharge, and be 
made of materials that will be resistant to atmospheric 
corrosion. 

A-1-10.2.1 A dirt trap consisting of a tee with a capped 
nipple, at least 2 in. (51 mm) long, should be installed at 
the end of each pipe run. 

A-1-10.4.4 Formerly, a plus sign following the orifice 
code number indicated equivalent diameters %4 in.(0.4 
mm) greater than that indicated by the numbering system 
[e.g., No. 4 indicated an equivalent diameter of%z in. (3.18 
mm); a No. 4 +, 9/64 in. (3.57 mm.)] 

A-l-10.5 Pipe and Orifice Size Determination. The 
problem of computing pipe sizes for carbon dioxide systems 
is complicated by the fact that the pressure drop is 
nonlinear with respect to the pipeline. Carbon dioxide 
leaves the storage vessel as a liquid at saturation pressure. 
As the pressure drops because of pipeline friction, the liquid 
boils so as to produce a mixture of liquid and vapor. Be- 
cause of this the volume of the flowing mixture increases 
and the velocity of flow must also increase. Thus, the pres- 
sure drop per unit length of pipe is greater near the end 
of the pipeline than it is at the beginning. 

Pressure drop information for designing piping systems 
can best be obtained from curves of pressure versus equiva- 
lent length for various flow rates and pipe sizes. Such curves 
can be plotted using the theoretical equation given in 
1-10.5.1. The Y and Z factors in the equation depend on 
storage pressure and line pressure. These can be evaluated 
from the following equations: 

P 
/ 

Y - -  - -  / pdP 
d 
P* 

P 
P 

Z ~ ~ / dp , , -  In P---L-x 

J P P 

Pl 

Wh ere  Pt 
P 

P, 
P 
In 

= Storage pressure in psia 
= Pressure at end of pipeline in psia 
= Density at pressure PI in lbs/f t  ~ 
= Density at pressure P in lbs/f t  3 
= Na tura l  logar i thm 

For SI Units 

P 

Y - - -  - -  / "  pdP 
d 

Pl 

Z t 

P 
__ / dpp . 

pz 
In Pl 

P 
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APPENDIX A 1 2 - 2 7  

W h e r e  
p 
p~ = 
p - 
In - 

S torage  pressure in bar  
Pressure at end  of pipel ine in ba r  
I)ensitv at pressure P, in kgs rn 3 
Densit i' at pressure P in kgs m ~ 
N a t u r a l  l oga r i thm 

In the above equations Z is a dimensionless ratio. The 
Y factor has units of pressure times density and will there- 
fore change the system of units. 

The storage pressure is an important factor in carbon 
dioxide flow. In low pressure storage the starting pressure 
in the storage vessel will recede to a lower level depending 
on whether all or only a part of the supply is discharged. 
Because of this, the average pressure during discharge will 
be about 285 psi (19.7 bars). The flow equation is based 
on absolute pressure; therefore, 300 psia (20.7 bars) is used 
for calculations involving low pressure systems. 

300 ~ k , k ~  ~ ~ CARBON DIOXIDE FLO~ 
290 - ~ -  ~ ~ O°F (-18°C) STORAGE 

/ / \ \ \ \ \ \  \ \ i  \ \ " ' -  
/ \ \ \ \  \ \ \ \ , . .  
/ \ \  \ }  ",, \ 

\ \ \ \ 

,oo \ \ \ ,  \ 
50 IO0 200 300 400 600 800 I000 

(EQUIVALENT LENGTH)/(DIAMETER)125=I- 025 
Figure A-l-10.5(A) Pressure Drop in Pipeline for 300 psia (20.7 bars) Storage Pressure. 

1500 

SI Units: 1 psia = 0 .0689  ba r ;  1 l b / m i n  = 0 .454  k g / m i n .  

Pressure  

psia 

T a b l e  A - l - 1 0 . 5 ( a )  
V a l u e s  of  Y a n d  Z for 300 psia  I n i t i a l  S t o r a g e  Pressure 

0 1 2 3 4 5 6 7 8 9 

300 .000 0 0 0 0 0 0 0 0 0 

290 .135 596 540 483 426 367 308 248 187 126 

280 .264 1119 1070 1020 969 918 866 814 760 706 

270 .387 1580 1536 1492 1448 1402 1357 1310 1263 1216 

260 .505 1989 1950 1911 1871 1831 1790 1749 1708 1666 

250 .620 2352 2318 2283 2248 2212 2176 2139 2102 2065 

240 .732 2677 2646 2615 2583 2552 2519 2487 2454 2420 

230 .841 2968 2940 2912 2884 2855 2826 2797 2768 2738 

220 .950 3228 3204 3179 3153 3128 3102 3075 3049 3022 

210 1.057 3462 3440 3418 3395 3372 3349 3325 3301 3277 

200 1.165 3673 3653 3632 3612 3591 3570 3549 3528 3506 

190 1.274 3861 3843 3825 3807 3788 3769 3750 3731 3712 

180 1 .384 4030 4014 3998 3981 3965 3948 3931 3914 3896 

170 1.497 4181 4167 4152 4138 4123 4108 4093 4077 4062 

160 1 .612 4316 4303 4291 4277 4264 4251 4237 4223 4210 

150 1.731 4436 4425 4413 4402 4390 4378 4366 4354 4351 

0 

63 

652 

1168 

1623 

2027 

2386 

2708 

2995 

3253 

3485 

3692 

3879 

4046 

4196 

4329 
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Figure A-I-10.5(B)  

I I I I I 
CARBON DIOXIDE FLO~ 

70"F (21°C) STORAGE 

II 

"- - . ,  

\ \ 
\ \ 

\ \ \ 
\ \ \,, 

\ \ ",, 
\ \ , 

\ \ \  
I000 1200 1500 

Pressure Drop in  P ipe l i ne  for 750 l~ia .7 bars) Storage Pressure. 

SI Units: 1 psia = 0.0689 bar ;  1 l b / m i n  = 0.454 k g / m i n .  

In high pressure systems the storage pressure depends 
on the ambient temperature. Normal ambient temperature 
is assumed to be 70 °F (21 °C). For this condition the 
average pressure in the cylinder during discharge of the 
liquid portion will be about 750 psia (51.7 bars). This 
pressure has therefore been selected for calculations involv- 
ing high pressure systems. 

Using the above base pressures of 300 psia (20.7 bars) 
and 750 psia (51.7 bars), values have been determined for 
the Y and Z factors in the flow equation. These are listed 
in Tables A-a-10.5(a) and A-l-a0.5(b). 

For practical application it is desirable to plot curves for 
each pipe size that may be used. However, it will be noted 
that the flow equation can be rearranged as given below. 

L 3647 Y 
- -  = 8.08 Z D 1.2, (Q/DS): 

Thus b~, plotting values of L/D 125 and Q/D 2, it is 
possible to use one family of curves for any pipe size. Figure 
A-I-10.5(A) gives flow information for 0 °F ( -  18 °C) 
storage temperature on this basis. Figure A-1-10.5(B) gives 
similar information for high pressure storage at 70 °F 
(21 °C). For an inside pipe diameter of exactly 1 in., D 2 
and D 125 reduce to unity and cancel out. For other pipe 
sizes it is necessary to convert the flow rate and equivalent 
length by dividing or multiplying by these factors. Table 
A-l-10.5(a) gives values for D. 

These curves can be used for designing systems or for 
checking possible flow rates. For example, assume the 
problem is to determine the terminal pressure for a low 
pressure system consisting of a single 2-in. Schedule 40 

pipeline with an equivalent length of 500 ft and a flow rate 
of 1,000 lb/min. The flow rate and the equivalent length 
must be converted to terms of Figure A-I-10.5(A) as 
follows: 

Q 1000 = 234 lh~/min/D t 
D 2 4.28 

L 500 
D l's------V = 2 .48 201 f t / D  l's6 

From Figure A-I-10.5(A) the terminal pressure is found 
to be about 228 psia at the point where the interpolated 
flow rate of 234 lb/minute intersects the equivalent length 
scale at 201 ft. 

If this line terminates in a single nozzle, the equivalent 
orifice area must be matched to the terminal pressure in 
order to control the flow rate at the desired level of 1,000 
lb/min. Referring to Table 1-10.4.4(b) of 1-10.5.2, it will 
be noted that the discharge rate will be t,410 lb/min/in. 2 
of equivalent orifice area when the orifice pressure is 230 
psia. The required equivalent orifice area of the nozzle is 
thus equal to the total flow rate divided by the rate per in. 2 

Equivalent Orifice Area 1,000 lbs /min  
1,410 l b s /min / i n .  2 

= 0.709 in.~ 

From a practical viewpoint the designer would select a 
standard nozzle having an equivalent area nearest to the 
computed area. If the orifice area happened to be a little 
larger, the actual flow rate would be slightly higher and 
the terminal pressure would be somewhat lower than the 
estimated 228 psia (15.7 bars). 
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Pressure 

psia Z 

750 .000 

740 .038 

730 .075 
72O .110 

710 .143 
700 ;174 

690 .205 

680 .235 
670 .265 

660 .296 
650 .327 

640 .360 

630 .393 

620 .427 

610 .462 
600 .498 

590 .535 

580 .572 
570 .609 

560 .646 
550 .683 
540 .719 

530 .756 

520 .792 
510 .827 

500 .893 
490 .898 

480 .933 

470 .967 
460 1.002 

450 1.038 
440 1.073 

430 1.109 

420 1.146 

410 1.184 

400 1.222 

390 1.262 
380 1.302 

370 1.344 

360 1.386 
350 1.429 

340 1.473 
330 1.518 

320 1.564 

310 1.610 

300 1.657 

Table A-l-10.5(b) 
Values of Y and Z for 750 psia In i t i a l  Storage Pressure 

0 1 2 3 4 5 

0 0 0 0 0 0 

497 448 399 350 300 251 
975 928 881 833 786 738 

1436 1391 1345 1299 1254 1208 

1882 1838 1794 1750 1706 1661 
2314 2271 2229 2186 2143 2100 

2733 2691 2650 2608 2567 2525 

3139 3099 3059 3018 2978 2937 
3533 3494 3455 3416 3377 3338 

3916 3878 3840 3802 3764 3726 
4286 4250 4213 4176 4139 4102 

4645 4610 4575 4539 4503 4467 

4993 4959 4924 4890 4855 4821 

5329 5296 5263 5229 5196 5162 

5653 5621 5589 5557 5525 5493 
5967 5936 5905 5874 5843 5811 

6268 6239 6209 6179 6149 6119 

6560 6531 6502 6473 6444 6415 
6840 6812 6785 6757 6729 6701 
7110 7084 7057 7030 7003 6976 
7371 7345 7320 7294 7268 7242 

7622 7597 7572 7548 7523 7498 

7864 7840 7816 7792 7768 7744 

8098 8075 8052 8028 8005 7982 
8323 8301 8278 8256 8234 8211 

8540 8519 8497 8476 8454 8433 
8750 8730 8709 8688 8667 8646 

8953 8933 8913 8893 8873 8852 
9149 9129 9110 9091 9071 9052 

9338 9319 9301 9282 9263 9244 

9520 9502 9484 9466 9448 9430 
9697 9679 9662 9644 9627 9609 

9866 9850 9833 9816 9799 9782 

10 030 10 014 9998 9982 9966 9949 

10 188 10 173 10 157 10 141 10 126 10 110 

10 340 10 325 10 310 10 295 10 280 10 265 
10 486 10 472 10 458 10 443 10 429 10 414 

10 627 10 613 10 599 10 585 10 571 10 557 
10 762 10 749 10 735 10 722 10 708 10 695 

10 891 10 878 10 866 10 853 10 840 10 827 
11 015 11 003 10 991 10 978 10 966 10 954 
11 134 11 122 11 110 11 099 11 087 11 075 

11 247 11 236 11 225 11 214 11 202 11 191 

11 356 11 345 11 334 11 323 11 313 11 302 
11 459 11 449 11 439 11 428 11 418 11 408 

11 558 11 548 11 539 11 529 11 519 11 509 

6 7 

0 0 

201 151 
690 642 

1161 1115 

1616 1572 
2057 2013 

2483 2441 

2897 2856 
3298 3259 

3688 3649 

4065 4028 

4431 4395 
4786 4751 

5129 5095 
5460 5427 
5780 5749 

6089 6058 

6386 6357 

6673 6645 
6949 6922 
7216 7190 
7472 7447 

7720 7696 

7958 7935 
8189 8166 

8411 8389 

8625 8604 

8832 8812 
9032 9012 
9225 9206 

9412 9393 
9592 9574 

9765 9748 

9933 9916 
10 094 10 078 

10 250 10 234 

10 399 10 385 
10 543 10 529 

10 681 10 668 

10 814 10 801 
10 941 10 929 
11 063 11 051 

11 180 11 168 
11 291 11 280 

11 398 11 387 

11 499 11 489 

8 9 

0 
101 51 

594 545 
1068 1022 
1527 1481 

1970 1926 

2399 2357 
2815 2774 

3219 3179 
3611 3572 

3991 3953 

4359 4323 

4716 4681 

5061 5027 
5395 5362 
5717 5685 

6028 5997 

6328 6298 

6616 6588 
6895 6868 
7163 7137 
7422 7396 

7671 7647 

7911 7888 
8143 8120 

8367 8345 

8583 8562 

8791 8771 
8993 8973 
9187 9168 

9375 9356 

9556 9538 
9731 9714 

9900 9883 
10 062 10 046 

10 219 10 204 

10 370 10 355 
10 515 10 501 

10 654 10 641 

10 788 10 775 
10 916 10 904 

11 039 11 027 
11 157 11 145 

11 269 11 258 

11 377 11 366 

11 479 11 469 

If ,  i n  t h e  p r e v i o u s  e x a m p l e ,  i n s t e a d  o f  t e r m i n a t i n g  w i t h  

o n e  l a r g e  n o z z l e ,  t h e  p i p e l i n e  b r a n c h e s  i n t o  t w o  s m a l l e r  

p i p e l i n e s ,  i t  w i l l  b e  n e c e s s a r y  to  d e t e r m i n e  t h e  p r e s s u r e  a t  
t h e  e n d  o f  e a c h  b r a n c h  l i n e .  T o  i l l u s t r a t e  t h i s  p r o c e d u r e ,  

a s s u m e  t h a t  t h e  b r a n c h  l i n e s  a r e  e q u a l  a n d  c o n s i s t  o f  1 x~-in. 
S c h e d u l e  40  p i p e  w i t h  e q u i v a l e n t  l e n g t h s  o f  200  ft (61 m )  

a n d  t h e  f l o w  in  e a c h  b r a n c h  l i n e  is to  b e  500  l b / m i n  

( 2 2 7 / k g / m i n ) .  C o n v e r t i n g  t o  t e r m s  u s e d  

A - I - 1 0 . 5 ( A ) :  

Q soo 
D - ' - Y - -  = 2 . 5 9 ~  - 193 l b s / m i n / D  2 

L 2OO 
D T M  1.813 = l 1 0 f t / D l ' 2 6  

i n  F i g u r e  
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12-30 CARBON DIOXIDE EXTINGUISHING SYSTEMS 

Pressure 
bar 

20 .134 
19 .319 
18 .493 
17 .659 
16 .819 
15 .976 
14 1.132 
13 1.290 
12 1.451 
11 1.618 
10 1.792 

Table A-l-10.5(a) (Metric) 
Values of Y and Z for 20.7 bar Init ia l  Storage Pressure 

0 ,1 .2 .3 .4 .5 
652 562 470 377 282 185 

1468 1393 1317 1239 1160 1079 
2152 2088 2024 1959 1893 1825 
2727 2674 2619 2564 2508 2451 
3215 3169 3123 3076 3029 2981 
3631 3592 3553 3513 3472 3431 
3987 3954 3920 3886 3851 3816 
4292 4264 4235 4205 4176 4145 
4553 4529 4504 4479 4453 4428 
4774 4754 4733 4712 4690 4668 
4960 4943 4926 4908 4890 4871 

.6 .7 .8 .9 
86 0 0 0 

997 913 828 741 
1756 1686 1615 1542 
2393 2334 2274 2214 
2931 2882 2831 2779 
3389 3346 3303 3259 
3780 3743 3706 3669 
4115 4083 4052 4020 
4401 4375 4348 4320 
4646 4623 4600 4577 
4853 4834 4814 4794 

Pressure 
psia Z 

0 
51 .028 563 
50 .085 1321 
49 .133 2045 
48 .179 2736 
47 .223 3397 
46 .267 4027 
45 .313 4629 
44 .361 5203 
43 .411 5750 
42 .462 6271 
41 .515 6766 
40 .568 7236 
39 .622 7683 
38 .676 8107 
37 .729 8510 
36 .782 8891 
35 .834 9253 
34 .885 9596 
33 .936 9922 
32 .987 10 230 
31 1.038 10 523 
30 1.090 10 801 
29 1.143 11 065 
28 1.198 11 316 
27 1.255 11 553 
26 1.313 11 777 
25 1.374 11 990 
24 1.436 12 190 
2'3 1.501 12 378 
22 1.568 12 554 
21 1.635 12 719 
20 1.705 12 871 

Table A-l-10.5(b) (Metric) 
Values of Y and Z for 51.7 bar Init ia l  Storage Pressure 

Y 

.1 .2 .3 .4 .5 
485 407 329 250 170 

1247 1172 1097 1022 946 
1974 1903 1831 1759 1687 
2669 2601 2532 2464 2395 
3332 3267 3202 3136 3070 
3966 3903 3841 3779 3716 
4570 4511 4452 4392 4332 
5147 5090 5034 4977 4920 
5696 5643 5589 5534 5480 
6220 6168 6117 6065 6013 
6717 6669 6620 6571 6521 
7190 7144 7098 7051 7004 
7639 7596 7552 7507 7463 
8066 8024 7982 7940 7898 
8470 8431 8391 8351 8311 
8854 8816 8779 8741 8703 
9218 9182 9146 9111 9074 
9563 9529 9495 9461 9427 
9890 9858 9826 9793 9761 

10 200 10 170 10 139 10 109 10 078 
10 495 10 466 10 437 10 408 10 379 
10 774 10 747 10 720 10 692 10 664 
11 040 11 014 10 988 10 961 10 935 
11 291 11 267 11 242 11 217 11 192 
11 530 11 506 11 483 11 460 11 436 
11 756 11 734 11 711 11 689 11 667 
11 969 11 948 11 927 11 906 11 885 
12 170 12 151 12 131 12 111 12 091 
12 360 12 341 12 323 12 304 12 285 
12 537 12 520 12 503 12 485 12 468 
12 703 12 687 12 671 12 654 12 638 
12 857 12 842 12 827 12 812 12 797 

.6 .7 .8 .9 
91 11 0 0 

871 794 718 640 
1615 1542 1469 1395 
2325 2256 2186 2115 
3004 2938 2871 2804 
3652 3589 3525 3461 
4271 4211 4150 4089 
4862 4804 4746 4688 
5425 5370 5315 5259 
5961 5909 5856 5803 
6472 6422 6372 6321 
6957 6909 6862 6814 
7418 7373 7328 7282 
7855 7813 7770 7727 
8271 8230 8189 8148 
8665 8626 8588 8549 
9038 9002 8965 8928 
9392 9358 9323 9288 
9728 9696 9663 9629 

10 047 10 016 9985 9953 
10 349 10 320 10 290 10 260 
10 636 10 608 10 580 10 552 
10 909 10 882 10 855 10 828 
11 167 11 142 11 116 11 091 
11 412 11 388 11 364 11 340 
11 644 11 622 11 599 11 576 
11 864 11 842 11 821 11 799 
12 071 12 05l 12 031 12 010 
12 267 12 248 12 229 12 209 
12 450 12 432 12 414 12 396 
12 621 12 605 12 588 12 751 
12 781 12 766 12 750 12 734 

F r o m  F i g u r e  A - I - 1 0 . 5 ( A )  t h e  s t a r t i n g  p r e s s u r e  o f  228 
p s i a  (15 .7  b a r s )  ( t e r m i n a l  p r e s s u r e  o f  m a i n  l ine)  i n t e r s e c t s  
t he  f low r a t e  l ine  (193 l b / m i n )  (87 .6  k g / m i n )  at  a n  
e q u i v a l e n t  l e n g t h  o f  a b o u t  300 ft (91 .4  m ) .  I n  o t h e r  w o r d s ,  
i f  t he  b r a n c h  l ine  s t a r t e d  a t  t h e  s t o r a g e  vesse l ,  t he  l i q u i d  
c a r b o n  d i o x i d e  w o u l d  h a v e  to f low t h r o u g h  300 ft ( 9 1 . 4  
m )  o f  p i p e l i n e  b e f o r e  t he  p r e s s u r e  d r o p s  to 228 p s i a  (15 .7  
b a r s ) .  T h i s  l e n g t h  t h u s  b e c o m e s  the  s t a r t i n g  p o i n t  fo r  t he  
e q u i v a l e n t  l e n g t h  o f  t he  b r a n c h  l ine.  T h e  t e r m i n a l  p r e s s u r e  
o f  t h e  b r a n c h  l ine  is t h e n  f o u n d  to be  165 p s i a  (11 .4  b a r s )  

at  t he  p o i n t  w h e r e  the  193 l b / m i n  (87 .6  k g / m i n )  f low r a t e  
l ine  i n t e r s e c t s  t he  to ta l  e q u i v a l e n t  l e n g t h  l ine  o f  410 ft (125 
m )  (300 + 110). W i t h  th is  n e w  t e r m i n a l  p r e s s u r e  [165 ps i a  
( 1 1 , 4  b a r s )  a n d  f low r a t e  (500  l b s / m i n  (227 k g / m i n ) ]  t he  
r e q u i r e d  e q u i v a l e n t  n o z z l e  a r e a  at t h e  e n d  o f  e a c h  b r a n c h  
l ine  will  be  a p p r o x i m a t e l y  0 ,567  in.  2 (366  ram2) .  I t  will  be  
n o t e d  t h a t  th i s  is a b o u t  t h e  s a m e  as t he  s ing le  l a r g e  nozz le  
e x a m p l e ,  e x c e p t  t h a t  t he  d i s c h a r g e  r a t e  is cu t  in h a l f  due  
to t h e  r e d u c e d  p r e s s u r e .  
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Table A-l-10.5(c) 
Values of D ~.~s and D z for Various Pipe Sizes 

I.D. Inches D T M  D = 

~/~ Std. .622 .5521 .3869 
a~ Std. .824 .785 .679 
1 Std. 1.049 1.0615 1.100 
1 XH .957 .9465 .9158 
1 ~ Std. 1.380 1.496 1.904 
1 ~ XH 1.278 1.359 1.633 
I ~/6 Std. 1.610 1.813 2.592 
1 ~ XH 1.500 1.660 2.250 
2 Std. 2.067 2.475 4.272 
2 XH 1.939 2.288 3.760 
2~/~ Std. 2.469 3.09 6.096 
2 ~  XH 2.323 2.865 5.396 
3 Std. 3.068 4.06 9.413 
3 XH 2.900 3.79 8.410 
4 Std. 4.026 5.71 16.21 
4 XH 3.826 5.34 14.64 
5 Std. 5.047 7.54 25.47 
5 XH 4.813 7.14 23.16 
6 Std. 6.065 9.50 36.78 
6 XH 5.761 8.92 33.19 

Table A-l-10.5(d) Equivalent Length in Feet of Threaded Pipe 
Fittings 

Elbow 90 ° Union 
Pipe Long Rad. Coupling 
Size Elbow Elbow & Tee Tee or 
in. Std. 45 ° Std. 90 ° Thru Flow Side Gate Valve 

0.6 1.3 0.8 2.7 0.3 
0.8 1.7 1.0 3.4 0.4 
1.0 2.2 1.4 4.5 0.5 

1 1.3 2.8 1.8 5.7 0.6 
1~  1.7 3.7 2.3 7.5 0.8 
1 ~  2.0 4.3 2.7 8.7 0.9 
2 2.6 5.5 3.5 11.2 1.2 
2 ~  3.1 6.6 4.1 13.4 1.4 
3 3.8 8.2 5.1 16.6 1.8 
4 5.0 10.7 6.7 21.8 2.4 
5 6.3 13.4 8.4 27.4 3.0 
6 7.6 16.2 10.1 32.8 3.5 

The design of the piping distribution system is based on 
the flow rate desired at each nozzle. This  in turn deter- 
mines the required flow rate in the branch lines and the 
main pipeline. F rom practical experience it is possible to 
estimate the approximate pipe sizes required. The  pressure 
at each nozzle can then be determined from suitable flow 
curves. The  nozzle orifice sizes are then selected on the 
basis of  nozzle pressure from the data given in 1-10.5.2. 

In high pressure systems the main header is supplied by 
a number  of separate cylinders. The  total flow is thus di- 
vided by the number  of cylinders to obtain the flow rate 
from each cylinder. The  flow capacity of  the cylinder valve 
and the connector to the header  will vary with each manu-  
facturer, depending on design and size. For any particular 
valve, dip tube and connector  assembly, the equivalent  
length can be determined in terms of feet of standard pipe 
size. With  this information the flow equat ion can be used 
to prepare a curve of flow rate versus pressure drop. This 
provides a convenient  method of determining header pres- 
sure for a specific valve and connector combinat ion.  

Tables  A-l -10.5(d)  and A-l-10.5(e)  list the equivalent  
lengths of pipe fittings for determining the equivalent length 
of  piping systems. Table  A- 1-10.5(d) is for threaded joints 
and Table A-l-10 5(e) is for welded joints. Both tables were 
computed for Schedule 40 pipe sizes; however, for all prac- 
tical purposes the same figures can also be used for 
Schedule 80 pipe sizes. 

For  nominal  changes in elevation of  piping the change 
in head pressure is negligible. However ,  if there is a 
substantial change in elevation, this factor should be taken 
into account. The  head pressure correction per foot of 
elevation depends on the average line pressure where the 
elevation takes place since the density changes with 
pressure. Correction factors are given in Tables A-l-10.5(f) 
and A-l-10.5(g) for low pressure and high pressure systems 
respectively. 

The  correction is subtracted from the terminal  pressure 
when the flow is upward and added to the terminal pressure 
when the flow is downward.  

Table A-l-10.5(e) Equivalent Length in Feet of Welded Pipe 
Fittings 

Elbow 90 ° 
Pipe Long Rad. 
Size Elbow Elbow & Tee Tee Gate 
in. Std. 45 ° Std. 90 ° Thru Flow Side Valve 

0.2 0.7 0.5 1.6 0.3 
0.3 0.8 0.7 2.1 0.4 
0.4 1.1 0.9 2.8 0.5 

1 0.5 1.4 1.1 3.5 0.6 
1~  0.7 1.8 1.5 4.6 0.8 
1 ~  0.8 2.1 1.7 5.4 0.9 
2 1.0 2.8 2.2 6.9 1.2 
2 ~  1.2 3.3 2.7 8.2 1.4 
3 1.5 4.1 3.3 10.2 1.8 
4 2.0 5.4 4.4 13.4 2.4 
5 2.5 6.7 5.5 16.8 3.0 
6 3.0 8.1 6.6 20.2 3.5 

SI Units: 1 ft - 0.3048 m. 

Table A-l-10.5(f) Elevation Correction Factors for Low Pressure 
Systems 

Average Line Pressure Elevation Correct ion 
psia bar ps i / f f  b a r / m  

300 20.7 0.443 0.100 
280 19.3 0.343 0.0776 
260 17.9 0.265 0.0599 
240 16.5 0.207 0.0468 
220 15.2 0.167 0.0378 
200 13.8 ~ 134 0.0303 
180 12.4 0.107 0.0242 
160 11.0 0.085 0.0192 
140 9.7 0.067 0.0152 
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12-32 CARBON DIOXIDE EXTINGUISHING SYSTEMS 

Table A-l-10.5(g) Elevat ion Correction Factors for H igh  Pressure 
Systems 

Average Line Pressure Elevation Correction 
psia bar ps i /~  b a r / m  
750 51.7 0.352 0.0796 
700 48.3 0.300 0.0679 
650 44.8 0.255 0.0577 
600 41.4 0.215 0.0486 
550 37.9 0.177 0.0400 
500 34.5 0.150 0.0339 
450 31.0 0.125 0.0283 
400 27.6 0.105 0.0238 
350 24.1 ~085 0.0192 
300 20.7 0.070 0.0158 

A-1-11.1 Test ing of Systems. Manufacturer 's  test and 
maintenance procedure should be guided by the following 
outline: 

1. The System. 
A. Overall physical appearance. 
B. Check if there have been any changes in the size 

or type of hazard protected. 

C. Disarm system prior to test. 
2. Supervised Circuits. 

A. Exercise all functions. 
B. Check all electrical or pneumatic supervisory cir- 

cuits for proper operation. 
3. Control Panel. 

A. Exercise ALL functions. 
B. Check supervision if applicable, of each circuit (in- 

cluding releasing devices) as recommended by the 
manufacturer. 

4. Power Supply. 
A. Check routing, circuit breakers, fuses, disconnects. 

5. Emergency Power. 
A. Battery condition. 

B. Charger operation, check fuse. 
C. Check automatic changeover. 
D. If generator, is it being properly maintained. 

6. Detectors. 

A. Test each (ALL) using heat or smoke or manufac- 
turer 's  approved test device. (See NFPA 72E, Standard on 
Automatic Fire Detectors.) 

B. Electric. 
1. Clean and adjust smoke detector and check 

sensitivity. 
2. Check wiring condition. 

C. Pneumatic. 
1. Check tightness of tubing and operation of mer- 

cury checks, using manometer.  

7. Time Delay. 

A. Exercise. 
B. Check time limit. 
C. Check that timer will complete its cycle even 

though wiring between it and the detector circuit is 
interrupted. 

8. Alarms. 

A. Test for operation (audible and visual). 
B. Check to see that warning signs are properly 

displayed. 

9. Selector (Directional) Valves. 

A. Exercise. 
B. Reset properly. 

10. Release Devices. 

A. Dampers, check for complete closure. 
B. Doors; also check for any blocked open. 

11. Equipment Shutdown. 

A. Test. 
B. Check adequacy (all necessary equipment  

included). 

12. Manual Releases. 
A. Mechanical. 

1. Check pull, force, and length of pull required. 
2. Operate and adjust all devices. 

3. Tightness of connectors. 

4. Condition of conduit. 
5. Condition and operation of corner pulleys. 

B. Electric. 
1. Test. 

2. Covers in place. 
C. Pneumatic releases. 
D. Accessibility during fire. 
E. Separate main and reserve manual pulls requir- 

ing only one operation to obtain discharge of either main 
or reserve supply of gas. 

F. Clearly mark and identify all manual releases. 

13. Piping. 
A. Security, adequately supported. 
B. Condition, any corrosion. 

14. Nozzles. 

A. Orientation and orifice size unchanged from 
original design. 

B. Clean. 
C. Security. 
D. Seals where needed. 

15. Containers. 
A. Physical condition, any sign of corrosion. 

B. Check the contents for weight by acceptable 
methods for each cylinder or low pressure tank. If  the con- 
tents are more than 10 percent below the normal capaci- 
ty, refilling is required. Proper operation of the liquid level 
gage should be verified. 

C. Cylinders securely held in position. 
D. Check hydrostatic test record. 
E. Check cylinder connectors for integrity and 

condition. 
F. Check weights and cables of mechanical release 

system. 
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G. Release devices, check for proper arrangement 
and security. 

H. Explosive release devices, check replacement date 
and check condition. 

16. Test. 

A. Discharge tests should be recommended when 
there is any question about the adequacy of the system. 
A full discharge test is required for initial accepance. 

B. Full discharge test recommended when cylinder 
hydrostatic test is required. 

17. Return all, parts of system to full service. 

18. Certificate of Inspection to owner. 

A-1-11.2 Regular service contracts with the manufac- 
turer or installing company are recommended. 

A-2-1 General Informat ion on Total Flooding Systems. 
From a performance viewpoint, a total flooding system 

is designed to develop a carbon dioxide concentration that 

8,, E 

will extinguish fires in combustible materials located in an 
enclosed space. It should also maintain an effective con- 
centration until the maximum temperature has been re- 
duced below the reignition point. 

The concentration of carbon dioxide required will de- 
pend on the type of combustible material involved. This 
has been accurately determined for most surface-type fires, 
particularly those involving liquids and gases. Most of this 
information has been obtained by the US Bureau of Mines. 
For deep-seated fires the critical concentration required for 
extinguishment is less definite and has in general been 
established by practical test work. 

The volume of carbon dioxide required to develop a 
given concentration will be greater than the final volume 
remaining in the enclosure. In most cases carbon dioxide 
should be applied in a manner that promotes progressive 
mixing of the atmosphere. The displaced atmosphere is ex- 
hausted freely from the enclosure through various small 
openings or through special vents, as carbon dioxide is in- 
jected. Some carbon dioxide is therefore lost with the 
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For SI Units: 1 ft3/lb = 0.0624 m3/kg.  

F i g u r e  A-2-1(A) Carbon Dioxide Requirements for Inert At-  
m o s p h e r e s  [based on a carbon dioxide expansion of  9 f t ' / l b  (0 .56  $ - 
m / k g ) ] .  The top curve (comple te  d i sp l acemen t )  and the b o t t o m  curve  
(no efflux) are theoretical extremes plotted for comparative purposes  
on ly .  T h e  m i d d l e  curve (free efflux), the curve to be used, must be 

tempered by  proper safety factors. 
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12- 34 CARBON DIOXIDE EXTINGUISHING SYSTEMS 

vented atmosphere .  This  loss becomes greater  at high con- 
centrat ions.  This  method  of  appl icat ion is called "f ree-  
eff lux" flooding. 

U n d e r  the above condit ions the volume of carbon diox- 
ide requi red  to develop a given concentra t ion in the at- 
mosphere  is expressed by the following equations:  

100 
e= : 100-% GO~ 

or  

lO0 
X = 2.3031og~0 100 % CO2 

In the above formula  X = Volume  of  CO2 added  per  
volume of space and e = 2.718 (natura l  logar i thm base). 

F rom the above formula  the volume of carbon dioxide 
requi red  to develop a given concentra t ion can be calcu- 

A 
0 ~ "--~00 

~ u  

l 
lO- -  

II - -  

lated. This  quant i ty  of carbon dioxide can be expressed 
in terms of cubic feet of space protected per  pound  of car- 
bon dioxide or pounds of carbon dioxide per 100 ft 3. These 
results have been calculated and plotted for easy reference. 

One  such curve is shown on Figure A-2-1(A).  O n  this 
curve it was assumed that  the carbon dioxide would ex- 
pand  to a volume of 9 ft~/lb (0.56 m3/kg) at a t empera tu re  
of 86 °F (30 °C). Similar information is also given on Figure 
A-2-1(B) in the form o f a  nomograph .  In  this case, it was 
assumed that  the final t empera tu re  would be about  50 °F 
(10 °C), giving a volume of 8.35 ftVlb (0.52 m3/kg) of car- 
bon dioxide. The  nomograph  will therefore indicate some- 
what  greater quantit ies of carbon dioxide for the same con- 
centrat ion.  The  da ta  in Chapte rs  1 through 5 are based 
on an expansion of 9 ftVlb (0.56 mVkg) of carbon diox- 
ide. It should be noted that  in some well- insulated enclo- 
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Figure A-2-1(B) Carbon Dioxide Requirements for Inert Atmospheres 
[based on a carbon dioxide expansion of 8.35 ft~/lb (0.52 m~/kg)]. 
Column A shows oxygen content of air-carbon dioxide mixtures; Col- 
umn  B shows weights of carbon dioxide in air-carbon dioxide mix- 
tures; Column C shows ft3/lb of carbon dioxide in air-carbon 
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sures, such as freezers and anechoic test chambers, com- 
plete and rapid vaporization of the carbon dioxide dis- 
charge may not occur. For unusual cases like these, the 
manufacturer  should be consulted. 

The time required for cooling below the reignition point 
depends on the type of fire and the insulating effect of  the 
combustible material. For surface-type fires it can be 
assumed that the fire will be extinguished almost as soon 
as the desired concentration is obtained. The enclosure 
should of course retain a reasonable concentration for some 
time after the carbon dioxide has been injected. This pro- 
vides an additional factor of safety. 

For deep-seated fires the concentration should be main- 
tained for a longer period of time because the hot material 
will cool off slowly. The cooling time will vary considerably, 
depending on the nature of the material. Since the cooling 
time will tend to be long, it is necessary to give considerable 
attention to the problem of maintaining the extinguishing 
concentration. Surface fires and deep-seated fires are there- 
fore basically different and should be approached with 
somewhat different objectives in mind. 

A-2-2.3 Types of Fires. Practically all hazards that con- 
tain materials that would produce surface fires may con- 
tain varying amounts of materials that would produce deep- 
seated fires. Proper  selection of the type of  fire that the 
system should be designed to extinguish is important  and 
in many  cases, will require sound judgment  after careful 
consideration of all the various factors involved. 

Basically, such a decision will be based on the following: 

(a) Will a deep-seated fire develop, considering the speed 
of  detection and application of the contemplated system? 

(b) If  a deep-seated fire does develop, (1) will it be of  
a minor  nature, (2) will the circumstances be such that it 
will not cause a reflash of the material that produced the 
surface fire, and (3) can arrangements  be set up to put it 
out manually after the CO2 discharge before it causes 
trouble? 

(c) Are the values involved, or the importance of equip- 
ment involved, such that the ultimate protection is justified 
regardless of the extra cost of providing a system that will 
extinguish deep-seated fires? 

It will be seen that with a remote possibility of  a deep- 
seated fire causing trouble, there are many cases where tak- 
ing this remote risk may be justified, and a system to ex- 
tinguish surface fires may properly be selected. As an ex- 
ample, electrical transformers and other oil-filled electrical 
equipment  have quite commonly  been treated as produc- 
ing surface fires, although there may be a chance that a 
heated core will produce a deep-seated fire in electrical in- 
sulation. O n  the other hand, the importance of some of 
the electrical equipment to production may  be such that 
treating the hazard as a deep-seated fire will be justified. 

Often a decision will involve consultation with the 
authority having jurisdiction, and with the owner and the 
engineers of  the company supplying the equipment.  The  
cost comparison between a system that is designed to ex- 
tinguish a surface fire and one designed to extinguish a 
deep-seated fire may  be the deciding factor. In all cases, 
it is advisable that all interested parties know clearly any 
risks involved if the system is designed to extinguish only 
a surface fire, and the additional costs that are involved 
if a system is designed to extinguish a deep-seated fire. 

A-2-3 Carbon Dioxide Requirements for Surface 
Fires.  The requirements given in Section 2-3 take into 
account the various factors that may affect the performance 
of the system. The question on limitation of unclosable 
openings is frequently encountered and is difficult to answer 
in precise terms. Since surface fires are normally of the type 
that can be extinguished with local application methods, 
a choice between total flooding or local application can be 
made on the basis of quanti ty of carbon dioxide required. 
This is illustrated in the following examples for the 
enclosure d iagrammed in Figure A-2-3. 

Figure A-2-3 Diagram of Enclosure for Examples 1 and 2. 

Example 1 
Volume of Space 2,000 fO 
Type of Combustible Gasoline 
Ventilation Openings 

Air Outlet near ceiling 5 ft 2 
Air Inlet centered @ 7 ft below ceiling 5 fC 

Design Concentrat ion (2-3.2.1) 34% CO2 
Volume Factor (2-3.3) 18 ftS/lb CO2 

2000 = 111 lbs 
Basic Quant i ty  of CO2 

18 

Material Conversion Factor (2-3.4) -- Since the design 
concentrat ion is not over 34% no conversion is needed. 

Special Conditions (2-3.5) -- CO2 will be lost through the 
bot tom opening while air enters through the top open- 
ing. From Figure A-2-5.3.3 the loss rate will be 17 ibs/ 
min / f t  2 for a concentrat ion of 34% at 7 feet. 

Additional CO~ for openings (2-3.5.1) = 17 x 5 = 85 lbs 

Total  CO~ required = 111 + 85 = 196 lbs 

Example 1 (Metric) 
Volume of Space 54 m 3 
Type of  Combustible Gasoline 
Ventilation Openings 

Air Outlet near ceiling 0.5 m ~ 
Air Inlet centered @ 2.1 m below ceiling 0.5 m 2 

Design Concentrat ion (2-3.2.1) 34 % CO~ 
Volume Factor (2-3.3) 1.11 m3/kg CO2 

54 _ 48.6 kg Basic Quant i ty  of CO2 1.11 

Material Conversion Factor (2-3.4) -- Since the design 
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concent ra t ion  is not  over 34% no conversion is needed.  

Special  Condi t ions (2-3.5) --  CO~ will be lost th rough  the 
bo t tom opening  while air  enters th rough  the top open- 
ing. From Figure A-2-5.3.3 the loss ra te  will be 85 kg /  
m i n / m  2 for a concent ra t ion  of 34% at 2.1 m. 

Addit ional  CO2 for openings (2-3.5.1) = 85 x 0.5 = 42.5 kg 

To ta l  CO2 requi red  = 48.6 + 42.5 = 91.1 kg 

E x a m p l e  2 
Volume of Space 2,000 ft 3 
Type  of Combust ib le  Gasoline 
Vent i la t ion  Openings  

Air  Out le t  near  ceil ing 10 ft 2 
Air  Inlet centered @ 7 ft below ceiling 10 ft 2 

Design Concen t ra t ion  (2-3.2.1) 34% CO~ 
2000 = 111 lbs 

Basic Quant i ty  of CO2 18 

Addi t iona lCO~foropen ings (2-3 .5 .1 )  = 17 × 10 = 1701bs 

To ta l  CO~ requi red  = 111 + 170 = 281 lbs 

Since the compensa t ion  exceeds the basic f looding re- 
qu i rement  (see 2-2.1.1), refer to Chap te r  3. Using  the rate- 
by-volume method,  3-5.3.1 states that the rate of discharge 
may  be reduced to not less than .25 lbs/min/fC for actual  
walls completely su r round ing  the hazard  enclosure.  The  
openings  can be calculated as a percent  of wall enclosure 
to de te rmine  a proper  discharge rate.  

To ta l  opening  area  20 ft 2 

Tota l  wall area = (10 + 10 + 20 + 20) x 10 = 600 ft 2 

Rate  of discharge = 
2O 

- - ×  (1 --  .25) + .25 = 0.27 l b s / m i n / f t  3 
6OO 

Tota l  ra te  of discharge = .27 × 2000 = 540 l b s /min  

Quant i ty  of CO2 = 540/2 = 270 lbs 

Local application requires a liquid discharge for 30 seconds. 
In  the case of high pressure storage, the quant i ty  of  CO2 
must  be increased by  40 percent  (3-3.1.1) to assure a 
30-second discharge of l iquid.  W h e n  the openings  are in- 
creased to 20 ft 2 each, local appl icat ion techniques will re- 
quire less CO2 than  total f looding for both low pressure 
and high pressure  storage. 

E x a m p l e  2 (Met r ic )  
Volume of  Space 54 m 3 
Type  of  Combust ib le  Gasoline 
Vent i la t ion  Openings  

Air  Out le t  near  ceiling 1.0 m 2 
Air  Inlet  centered @ 2.1 m below ceiling 1.0 m 2 

Design Concen t ra t ion  (2-3.2.1) 34% CO2 
54 = 48.6 kg 

Basic Quant i ty  of CO2 11~1 

Addi t iona lCO2 foropenings(2-3 .5 .1)  = 85 x 1.0 = 85 kg 

To ta l  CO2 requi red  = 48.6 + 85 = 133.6 kg 

Since the compensat ion exceeds the basic flooding require- 
ment  (see 2-2.1.1), refer to Chap t e r  3. Us ing  the ra te-by-  
volume method,  3-5.3.1 states that  the rate of discharge 

may  be reduced to not less than 4 kg /min /m 3 for actual  
walls complete ly  sur rounding  the hazard  enclosure.  The  
openings  can be calculated as a percent  of wall enclosure 
to de te rmine  a proper  discharge rate. 

Tota l  opening  area  2.0 m 2 

To ta l  wall area  = (3 + 3 + 6 + 6 )  x 3 = 5 4 m  2 

2.0 x (16 - 4) + 4 = 4.4. k g / m i n / m  3 Rate of Discharge - 54 

Tota l  rate of discharge = 4.4 x 54 = 237.6 k g / m i n / m  3 

Quant i ty  of CO2 = 237.6/2 = 118.8 kg 

Local application requires a liquid discharge for 30 seconds. 
In  the case of high pressure storage, the quant i ty  of CO2 
must  be increased by 40 percent  (3-3.1.1) to assure a 
30-second discharge of l iquid.  When  the openings  are in- 
creased to 2.0 m 2 each, local appl icat ion techniques will 
require  less CO2 than  total f looding for both  low pressure 
and high pressure storage. 

A-2 -3 .5 .1  Where  forced venti lat ion is not  a considera-  
t ion,  leakage of a carbon dioxide-ai r  mixture  from an 
enclosed space will depend upon one or more  of the follow- 
ing parameters :  

(a) Temperature of Enclosure. Carbon  dioxide will not ex- 
pand  as much at low tempera tu re  and would be more  
dense,  thus a greater  amount  would leak out if the open- 
ings were in the lower por t ion of  the enclosure.  

(b) Volume of Enclosure. The  percent  of total  volume of 
carbon dioxide lost through any given opening  in a small  
enclosure would be much greater  than that  from the same 
opening  in a large enclosure.  

(c) Venting. An opening at or near the ceiling is usually 
desirable to permi t  exhaust ing  the l ighter  gases from the 
room dur ing  the discharge.  

(d) Location of Openings. Since carbon dioxide is heavier 
than air ,  there may  be little or  no loss of  carbon dioxide 
from openings near  the ceiling, while the loss at the floor 
level may  be substantial .  

A-2 -3 .5 .3  H a z a rds  located in enclosures which are nor-  
mal ly  at t empera tu res  above 200 °F (93 °C) may  be more  
susceptible to reignit ion.  Therefore ,  addi t ional  carbon 
dioxide is advisable  to hold the ext inguishing concentra-  
tions for a longer period of t ime, allowing the extinguished 
mater ia l  to cool down and thereby reduce the chances of 
reigni t ion when the gas dissipates.  

A-2-4 .1  Al though specific test da ta  is lacking, it is 
recognized that  certain types of deep-seated fires may  re- 
quire holding t imes in excess of 20 minutes .  

A-2-5 .2  Ra te  of  A p p l i c a t i o n .  The  m i n i m u m  rates 
establ ished are considered adequate  respectively for the 
usual  surface or deep-seated fire. However ,  where the 
spread of fire m a y  be faster than normal  for the type of 
fire, or where high values,  or  vital machinery  or equip-  
ment  are involved,  rates higher  than the min imums  may,  
and  in many  cases should be used, and  where a haza rd  
contains mater ia l  that  will produce both surface and deep- 
seated fires, the rate of  appl ica t ion  should be at least the 
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minimum required for surface fires. Having selected a rate 
suitable to the hazard, the tables and information that 
follow in the standard should be used or such special 
engineering as is required should be carried out to obtain 
the proper combination of container releases, supply pip- 
ing, and orifice sizes that will produce this desired rate. 

A-2-5.3.3 The leakage rate from an enclosure in the 
absence of forced ventilation depends mainly on the dif- 
ference in density between the atmosphere within the en- 
closure and the air surrounding the enclosure. The follow- 
ing equation can be used to calculate the rate of CO2 loss, 
assuming that there is sufficient leakage in the upper part 
of the enclosure to allow free ingress of air: 

R = 60 coal/2g (Pl--O~) h 
[ P] 

W h e r e  R = Ra te  of CO~ in l b s / m i n  

C = CO2 c o n c e n t r a t i o n  f rac t ion  

p = Density of CO2 v a p o r  in lbs / f t  3 

A* = Area  of  o p e n i n g  in fC (flow coeff icient  inc luded)  

g = Grav i t a t iona ]  cons t an t  32.2 f t " seC 

p~ = Density of a t m o s p h e r e  in lbs, ft ~ 

p~ = Density of  s u r r o u n d i n g  a i r  in lbs, ft ~ 

h = Stat ic  head  be tween o p e n i n g  a n d  top of enc losure  

in ft 

For SI U n i t s  

R~ = 5.59 Cp~ A~[/ 2g~w (PMI--PMI) hM 
F Mt 

W h e r e  RM = Ra te  of COs loss in k g / m i n  

C = CO~ c o n c e n t r a t i o n  f rac t ion  

pM = Density of CO2 v a p o r  in k g / m  ~ 

Am* = Area  of  o p e n i n g  in m 2 (Flow coeff icient  inc luded)  

g~  = Grav i t a t iona l  cons t an t  9.81 m / s  2 

p,a~ = Density of  a t m o s p h e r e  in enc losure  in k g / m  ~ 

pM~ = Density of s u r r o u n d i n g  a i r  in k g / m  3 

h,~ = Stat ic  h e a d  be tween  o p e n i n g  a n d  top of  enclosure  

m e t e r  

*If there  are  open ings  in the  walls only,  the  a rea  o f  the wall open ings  
c a n  be  d iv ided  by 2 for  ca lcu la t ions  since it is p r e s u m e d  tha t  f resh a i r  
c a n  en te r  t h r o u g h  o n e - h a l f  o f  the  open ings  a n d  pro tec t ive  gas  will exit 
t h r o u g h  the o the r  half ,  

Figure A-2-5.3.3 may be used as a guide in estimating 
discharge rates for extended discharge systems. The curves 
were calculated using the above equation assuming a 
temperature of 70 °F (21 °C) inside and outside of the 
enclosure. In an actual system the inside temperature will 
normally be reduced by the discharge, thus increasing the 
rate of loss. Because of the many variables involved, a test 
of the installed system may be needed to ensure proper 
performance. 

A-2-5.3.4 For enclosed recirculating type electrical 
equipment, the initial discharge quantity should not be less 
than 1 lb of gas for each 10 ft 3 (1.6kg/m 3) of enclosed vol- 
ume up to 2000 ft 3 (56.6 m3). For larger volumes, 1 lb of 
gas for each 12 ft 3 (1.3 m 3) or a minimum of 200 lb (90,8 
kg) should be used. Table A-2-5.3.4 may be used as a guide 
to estimate the quantity of gas needed for the extended dis- 
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Figure A-2-5.3.3 Calculated CO= Loss Rate Based on an Assumed 
7 0 ° F  (21°C) Temperature  W i t h i n  the Enclosure and 7 0 ° F  (21°C) 

Ambient  Outside. 

charge to maintain a minimum concentration of 30 per- 
cent for the deceleration time. The quantity is based on 
the internal volume of the machine and the deceleration 
time, assuming average leakage. For dampered, nonrecir- 
culating type machines, add 35 percent to the indicated 
quantities in Table A-2-5.3.4 for extended discharge 
protection. 

Table  A-2-5.3.4 Extended Discharge Protection for Enclosed 
Rec ircu la t ing  Rotat ing Electrical  Equipment  (Cubic Feet Protected 

for Decelerat ion Time)  

Lbe 5 10 15 20 30 40 50 60 
COj Min. Min. Min. Min. Min. Min. Min. Min. 

I00 1200 1000 800 600 500 400 300 200 
150 1800 1500 1200 1000 750 600 500 400 
200 2400 1950 1600 1300 1000 850 650 500 
250 3300 2450 2000 1650 1300 1050 800 600 

300 4600 3100 2400 2000 1650 1300 1000 700 
350 6100 4100 3000 2500 2000 1650 1200 900 
400 7700 5400 3800 3150 2500 2000 1600 1200 
450 9250 6800 4900 4000 3100 2600 2100 1600 

500 10800 8100 6100 5000 3900 3300 2800 2200 
550 12300 9500 7400 6100 4900 4200 3600 3100 
600 13900 10900 8600 7200 6000 5200 4500 3900 
650 15400 12300 9850 8300 7050 6200 5500 4800 

700 16900 13600 11100 9400 8100 7200 6400 5600 
750 18500 15000 12350 10500 9150 8200 7300 6500 
800 20000 16400 13600 11600 10200 9200 8200 7300 
850 21500 17750 14850 12700 11300 10200 9100 8100 

900 23000 19100 16100 13800 12350 11200 10050 9000 
950 24600 20500 17350 14900 13400 12200 11000 9800 

1000 26100 21900 18600 16000 1"4500 13200 11900 10700 
1050 27600 23300 19900 17100 15600 14200 12850 11500 

1100 29100 24600 21050 18200 16600 15200 13750 12400 
1150 30600 26000 22300 19300 17700 16200 14700 13200 
1200 32200 27300 23550 20400 18800 17200 15600 14100 
1250 33700 28700 24800 21500 19850 18200 16500 14900 

1300 35300 30100 26050 22650 20900 19200 17450 15800 
1350 36800 31400 27300 23750 22000 20200 18400 16650 
1400 38400 32800 28550 24900 23100 21200 19350 17500 
1450 39900 34200 29800 26000 24200 22200 20300 18350 

1500 41400 35600 31050 27100 25250 23200 21200 19200 
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Table A-2-5.$.4 (Metric) Extended Discharge for Enclosed R e c i r -  
c u l a t i n g  Rotating Electrical Equipment (Cubic Meters Protected for 

Deceleration Time) 

kg 5 10 15 20 30 40 50 60 
COs Min. Min. Min. Min. Min. Min. Min. Min. 

45.4 34.0 28.3 22.6 17.0 14.2 11.3 8.5 5.7 
68.1 50.9 42.5 34.0 28.3 21.2 17.0 14.2 11.3 
90.8 67.9 55.2 45.3 36.8 28.3 24.1 18.4 14.2 

113.5 93.4 69.3 56.6 46.7 36.8 29.7 22.6 17.0 

136.2 150.2 87.7 67.9 56.6 46.7 36.8 28.3 19.8 
158.9 172.6 116.0 84.9 70.8 56.6 46.7 34.0 25.5 
181.6 217.9 152.8 107.5 89.1 70.8 56.6 45.3 34.0 
204.3 261.8 192.4 138.7 113.2 87.7 73.6 59.4 45.3 

227.0 305.6 229.2 172.6 141.5 110.4 93.4 79.2 62.3 
249.7 348.1 268.9 209.4 172.6 138.7 118.9 101.9 87.7 
272.4 393.4 308.5 243.4 203.8 169.8 147.2 127.4 110.4 
295.1 435.8 348.1 278.8 234.9 199,5 175.5 155.7 135.8 

317.8 478.3 384.9 3 1 4 , 1  266.0 229.2 203.8 1 8 1 . 1  158.5 
340.5 523.6 424.5 349.5 297.2 258,9 232.1 206.6 184.0 
363.2 586.0 464.1 384.9 328.3 288.7 260.4 232.1 206.6 
385,9 608.4 502.3 420.3 359.4 319.8 288.7 257.5 229.2 

408.6 650.9 540.5 455.6 390.5 349.5 317.0 284.4 254.7 
431.3 696.2 580.2 491.0 421.7 379.2 345.3 311.3 277.3 
454.0 738,6 619.8 526.4 452.8 410.4 373.6 336.8 302.8 
476.7 781.1 659.4 563.2 483.9 441.5 401.9 363.7 325.5 

499.4 823.5 696.2 595.7 5 1 5 . 1  469.8 430.2 389.1 350.9 
522.1 866.0 735.8 631.1 546.2 500.9 458.5 416.0 373.6 
544.8 911.3 772.6 666.5 577.3 532.0 486.8 441.5 399.0 
567.5 953.7 812.2 701.8 609.4 561.8 515.1 467.0 421.7 

590.2 999.0 851.8 737.2 641.0 591.5 543.4 493.8 447.1 
612.9 1041.4 888.6 772.6 672.1 622.6 571.7 520.7 471.2 
635.6 1086.7 928.2 808.0 704.7 653.7 600.0 547.6 495.3 
658.3 1129.2 967,9 843.3 735.8 684.9 628.3 574.5 519.3 

681.0 1171.6 1007.5 878.7 766.9 713.2 656.6 600.0 543.4 

A - 2 - 5 . 4 . 1  M e t h o d s  ava i l ab l e  to c o m p e n s a t e  for 
t empera tu re  exposures  include reduced filling densi ty for 
high t empera tu re  and ni t rogen super-pressur iza t ion  com- 
bined with reduced filling densi ty  for low tempera tures .  
Manufac tu re r s  should be consulted for advice. 

A-3-1 General Information on Local Application 
Systems. 

A local appl ica t ion  carbon dioxide system is designed 
to apply  carbon dioxide direct ly to a fire which may  occur 
in an area  or space which essentially has no enclosure sur- 
round ing  it. Such systems should be designed to deliver  
carbon dioxide to the hazard  be ing  protected in a m a n n e r  
which will cover or  su r round  all burn ing  or  f laming sur- 
faces with carbon dioxide dur ing  opera t ion  of the system. 

The  flow rate and  t ime of appl icat ion requi red  will de- 
pend on the type of combust ib le  mater ia l  involved,  the 
na ture  of  the hazard  (whether  it is a l iquid surface such 
as a dip  tank or quench tank,  or a compl ica ted  piece of 
mach inery  such as a pr in t ing  press, etc.),  and  the locat ion 
and spacing of the carbon dioxide nozzles with respect to 
the hazard .  

The  impor tan t  factors to be considered in the design of 
a local appl icat ion system are the rate of  flow, the height  
and area limitations of the nozzles used, the amount  of car- 
bon dioxide needed,  and the p iping system. The  steps 
necessary to lay out  a system are as follows: 

1. De te rmine  the area  of the hazard  to be protected.  
In  determining this area, it is important  to lay out, to scale, 
the actual  hazard  showing all d imensions  and l imita t ions  
as to placement  of nozzles. The  limits of the hazard  should 
be carefully defined to include all combustibles which may  
be included in the hazard ,  and the possibi l i ty of  stock or  
o ther  obstruct ions which may  be in or near  the hazard  
should be carefully considered.  

2. For  overhead type nozzles, based on the height 
limitations of the hazard to be protected, lay out the nozzles 
to cover the hazard  by using various nozzles within the 
height and area l imitat ions which are expressed in the list- 
ings or approvals  of these nozzles. The  limits on area  
coverage of a nozzle for a par t icular  height will be deter-  
mined from listing information which is presented in a form 
similar  to that  shown by Figure  A-3-1(B). In consider ing 
the area  which is covered by a par t icular  nozzle, it is im- 
por tan t  to r e m e m b e r  that  all nozzle coverage is laid out  
on the basis of approx imate  squares.  Omi t  this step for 
tankside or l inear  type nozzles. 

3. Based on the height above the hazard  of each noz- 
zle, de te rmine  the op t imum flow rate at which each noz- 
zle should discharge to extinguish the hazard  being pro- 
tected. This  will be de te rmined  from a curve such as the 
one shown by Figure  A-3-1(A),  which will be given in the 
individual  listings or  approvals  of nozzles. Omi t  this step 
and follow step 3A for tankside or l inear  nozzles. 

3A. For  tankside or l inear  nozzles, based on the con- 
f igurat ion of the hazard ,  lay out the nozzles to cover the 
hazard  within the spacing l imitat ions expressed in ap- 
provals  or listings. Based on the spacing or  area  coverage,  
select an appropr ia te  flow rate from an approval  or  l isting 
curve such as the one shown by Figures A-3-1(C) and 
A-3-1(D).  Omi t  this step for overhead type nozzles. 

I 0 0  

i 
gO 

m _J 

i 
w SO 

E 

Ii. 
Z 40  

0 

2O 

o/ 
0 

/ 
/ 

/ 
/ 

2 4 $ IO 

HEIGHT IN FEET 

For SI Uni t s :  1 ft = 0.305 m; 1 lb per min .  = 0.454 kg /min .  

Figure A-3-1(A) Listing or Approval Curve of a Typical Nozz le  
S h o w i n g  D e s i g n  F l o w  R a t e  v e r s u s  H e i g h t  or Distance from L i q u i d  

Surface. 

4. Determine  the discharge time for the hazard.  This  
will always be a m i n i m u m  of 30 seconds, but  m a y  be 
longer,  depend ing  on such factors as the nature  of the 
mater ia l  in the hazard  and the possibil i ty that  some hot 
spots may  require  longer cooling. 

5. Add  up the flow rates of the individual  nozzles to 
determine the total flow rate and mult iply this by the dura-  
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tion of discharge to determine the total quantity of carbon 
dioxide needed to protect the hazard. Multiply this figure 
by 1.4 (for high pressure systems) to obtain total capacity 
of storage cylinders. 
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For SI Units:  1 ft = 0.305 m; 1 ft 2 = 0.0929 m 2 

Figure A-3-t(B)  Listing or Approval Curve of  a T y p i c a l  Nozzle  
Showing Max imum Area versus Height or Distance from L i q u i d  

Surface. 

6. Locate the storage tank or cylinders and lay out 
the piping connecting the nozzles and storage containers. 

7. Starting from the storage cylinders, compute the 
pressure drop through the system piping to each nozzle to 
obtain the terminal pressure at each nozzle (see A-I-IO. 5). 
Be sure to allow for equivalent lengths of pipe for various 
fittings and system components. Equivalent lengths of 
system components will be found in individual listings or 
approvals of these components. Assume 750 psia (51.7 
bars) storage conditions for high pressure storage and 300 
psia (20.7 bars) storage conditions for low pressure storage 
of carbon dioxide. For the initial layout it will be necessary 
to assume sizes of the piping at various points in the system. 
After going through the computations to determine the noz- 
zle pressures, it may be necessary to adjust these pipe sizes 
up or down to obtain higher or lower nozzle pressures so 
that a proper flow rate can be achieved. 

8. Based on the nozzle pressures (Item 7) and the in- 
dividual nozzle flow rates (Item 3), select an equivalent 
orifice which comes closest to the area which produces the 
design flow rate by use of Tables 1-10.4(a), 1-10.4(b) and 
1-10.4(c) in this standard. 

A-3-3. l Carbon Dioxide Requirements. In computing 
the total quantity of carbon dioxide required for a local 
application system, the total flow rate for all nozzles should 
be added together to obtain the mass flow rate for protec- 
tion of the particular hazard. This rate should be multiplied 
by the discharge time. 

A-3-3.1.1 High Pressure Storage Cylinders. These are 
normally rated in nominal capacities of 50, 75, and 100 
lb (22.7, 34.1, and 45.4 kg) of carbon dioxide. When the 
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For SI Units:  1 ft 2 = 0.0929 m2; 1 lb /min.  = 0.454 kg/min.  

Figure A-3-1(C)  T y p i c a l  L i s t i n g  or  A p p r o v a l  Curve of  a Tankside 
Nozzle  Showing Flow Rate versus Area Coverage. 
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Figure A-3-1(D)  T y p i c a l  L i s t i n g  or  A p p r o v a l  Curve of a Linear 
Nozzle  Showing  Flow Ra te  versus Hazard W i d t h .  

cylinders are filled with carbon dioxide at a normal filling 
density not in excess of 68 percent, a portion of the 
discharge from the cylinders will be as liquid carbon diox- 
ide and the remainder will be as vapor. For design pur- 
poses, the vapor discharge is considered to be ineffective 
in extinguishing a fire. It has been found that the amount 
of carbon dioxide which is discharged from the nozzle as 
liquid carbon dioxide varies from 70 to 75 percent of the 
total quantity of carbon dioxide contained in the cylinder, 
and thus it is necessary to increase the nominal cylinder 
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capaci ty  for a given system by 40 percent  to account for 
the vapor  por t ion of  the carbon dioxide.  For  example ,  a 
50-1b (22.7-kg) cyl inder  may  be expected to discharge be- 
tween 35 and 37.5 lb (15.9 and 17.0 kg) of carbon dioxide 
as l iquid which is the part  of the discharge which is effec- 
tive in fire ext inguishment .  

A-3 -3 .1 .2  W h e n  l iquid carbon dioxide flows through a 
warm pipeline,  the l iquid will evapora te  rapidly  until  the 
pipel ine has been cooled to the sa tura t ion  t empera tu re  of 
the CO2. The  quant i ty  of carbon dioxide liquid evaporated 
in this m a n n e r  depends  on the total amoun t  of heat  that  
should be removed  from the pipel ine and the latent  heat  
of  evapora t ion  of  the CO2. For  high pressure carbon diox- 
ide the latent  heat  of evapora t ion  will be about  64 Btu/ lb  
(149 kJ/kg),  and  for low pressure carbon dioxide the la- 
tent heat  of evapora t ion  will be about  120 Btu/ lb (279 
kJ/kg). 

The  quant i ty  of heat  to be removed  from the pipeline 
is the product  of the weight of the pipeline times the specific 
heat  of  the metal  t imes the average t empera tu re  change of 
the pipeline.  For  steel pipe the average specific heat  
will be about  0.11 Btu per  lb per  degree Fahrenhei t  
(0 .46J /kg .K)  t empera tu re  change.  The  average tempera-  
ture change will be the difference between the tempera ture  
at the beg inn ing  of the discharge and the average temper-  
a ture  of the l iquid flowing through the pipe. For  high 
pressure CO2 the average t empera tu re  of  the l iquid in the 
pipeline can be assumed to be about  60 °F (16 °C). For  low 
pressure CO2 the average t empera tu re  can be assumed to 
be about  - 5  °F ( - 2 1  °(3). These  t empera tu res  would of 
course vary  somewhat  in accordance with average nozzle 
pressures;  however,  such minor  adjus tments  would not 
substantial ly affect the results. The  following equat ion can 
be used to compute  the quant i ty  of CO2 evapora ted  in the 
pipeline.  

W = w Cp ( T I - T 2 )  
H 

Where W = Pounds of CO~ evaporated 
w = Weight of piping in pounds 
Cp = Specific heat of metal in pipe (0.11 for steel) 
T~ = Average pipe temperature in °F before discharge 
T~ = Average COs temperature in °F 
H = Latent heat of evaporation of liquid CO2 in Btu,'lb 

w M = 

Cp = 

TIM = 

T2M = 

H = 

For SI Units 

4.19Wu Cp ( T x u - T ~ )  
O)M = HM 

kg of CO~ evaporated 

Weight of piping in kg 

Specific heat of metal in pipe (0.11 for steel) 

Average pipe temperature in °C before discharge 

Average CO2 temperature in °C 

Latent heat of evaporation of liquid CO2 in kJ/kg 

A-3-3 .3  Duration of Discha rge .  Since the tests con- 
ducted in the listing or  approvals  of  carbon dioxide nozzles 
will require  that  fires be ext inguished within a m a x i m u m  
time limit of 20 seconds, a min imum durat ion of 30 seconds 
has been establ ished for this s tandard.  This  allows a fac- 

tor of safety for condit ions which may be unpredic table .  
It is impor tan t  to recognize that  this discharge t ime is a 
m i n i m u m  and that  condit ions such as high tempera tures  
and cooling of unusual ly  hot surfaces within the hazard  
area may  require an increase in the discharge time to assure 
complete  and effective ext inguishment .  

A-3 -3 .3 .2  The  m a x i m u m  tempera tu re  of a burn ing  liq- 
uid fuel is l imited by  its boil ing point where evaporat ive  
cooling matches  the heat  input.  In most l iquids the auto- 
ignit ion t empera tu re  is far above the boil ing t empera tu re  
so that  reignit ion after ext inguishment  can be caused only 
by an external  ignit ion source. However ,  there are a few 
unique  l iquids that  have autoigni t ion tempera tures  much 
lower than  their  boil ing temperatures .  C o m m o n  cooking 
oils and  melted paraffin wax have this proper ty .  To  pre- 
vent reignit ion in these mater ia ls  it is necessary to main-  
tain an ext inguishing a tmosphere  until  the fuel has cooled 
below its autoigni t ion tempera ture .  A discharge t ime of 
3 minutes  is adequa te  for small units,  but  a longer  t ime 
may  be needed for larger  capaci ty  units.  

A-3 -4 .2 .1  In the individual  listings or approvals  of 
overhead type nozzles, tests are conducted to de te rmine  
the o p t i m u m  design flow rate at which a nozzle should be 
used for the height  at which it is instal led above a l iquid 
surface. The  tests are conducted  in the following manner :  

Fire tests of overhead type nozzles are conducted to 
develop a curve relat ing m a x i m u m  flow rate at which a 
nozzle can be used at various heights. Test ing at a number  
of heights  establishes a splash curve which can be plot ted 
as a s traight- l ine function of height vs. flow rate. In  con- 
duct ing  these tests, the flow rates used are computed  on 
the basis of high pressure storage conditions of 70 °F (21 °C) 
[average pressure 750 psia (51.7 bars)] and low pressure 
storage conditions of 0 °F ( - 18 °C) [300 psia (20.7 bars)]. 
In  the case of the high pressure tests, the fire tests are con- 
ducted with the cylinders condi t ioned at a t empera tu re  of 
120 °F (49 °C) which gives a flow rate somewhat  higher  
than the computed  flow rate. 

Fol lowing this, a m i n i m u m  flow rate for various heights 
is assumed at a computed  flow rate which is 75 percent  
of the m a x i m u m  flow rate previously established. Again ,  
a s traight- l ine curve can be plot ted of flow rate vs. height.  

Fol lowing this, tests are conducted in which the area  of 
the fire is var ied  to de te rmine  the m a x i m u m  area  which 
can be ext inguished by a par t icu lar  nozzle at var ious  
heights when appl ied  at a flow rate equal  to 75 percent  of 
the m a x i m u m  flow rate. In  conduct ing these tests for high 
pressure storage cylinders,  the flow rates for the various 
fires are computed  on the basis of 70 °F (21 °C) [750 psia 
(5.7 bars)  storage] and the test cylinder§ are condi t ioned 
to a t empera tu re  of 32 °F (0 °C). 

F rom these data ,  two curves are plotted: the first is a 
flow rate vs. height  curve, and the second is an area  vs. 
height curve. The  final plot of the flow rate vs. height curve 
shows a single curve established at a flow rate which is 90 
percent  of the m a x i m u m  flow rate. I t  is then possible to 
utilize this nozzle for various heights at the design flow rate 
indica ted  by this curve, or at flow rates slightly above or 
below this curve to allow for differences between computed 
and actual  rates. Typica l  curves are shown in Figures 
A-3-1(A) and A-3-1(B). 

Since these curves are developed on the basis of fire tests 
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